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N ANY large Army hospital, one sees traumatic injuries among 

soldiers not unlike those occurring in civil life. Owing to the total 
mechanization of our present day war machine, these injuries are 
usually much severer than those encountered among civilians. However, 
we have recently treated a group of patients who sustained severely 
fractured eibows in automobile accidents, and these injuries are exactly 
the same as those all too frequently seen among civilians. In view of 
this similarity of injuries occurring among both soldiers and civilians, 
we should like to call to the attention of the medical profession the 
so-called sideswipe fracture 





a fracture fraught with complications, a 
fracture most difficult to treat and a fracture prone to produce a poor 
resuit. 


The term “sideswipe” is applicable to this mutilating fracture of the 
left elbow, since it denotes the manner in which the fracture is sustained. 
The driver of an automobile has his left arm resting on the window 
frame, with his elbow projecting from the window, when his car is 
sideswiped by an oncoming vehicle or struck by some overhanging 
projection. Because of the mode of occurrence of this particular frac- 
ture, it has also been aptly termed a “car window elbow,” a “driver’s 
seat fracture” or a “traffic elbow.” 













After understanding the mode of occurrence, one can easily visualize 
the possibilities of the injury, which might well range from a few mere 
scratches to a most serious and disabling traumatic amputation. In most 
instances, however, a badly mutilaced forearm and elbow result, with 
compound fractures of all the bones composing the elbow region as well 
as an avulsive loss of soft tissue and a tearing of the blood vessels and 
the nerves. 

There has been little written on this subject in the medical literature. 
Shorbe* reported a series of 32 cases seen in the Oklahoma City Hos- 
pital; the majority of the patients were referred to him some time 


1. Shorbe, H. B.: Car Window Elbows, South. M. J. 34:372-376 (April) 
1941. 
513 








514 ARCHIVES OF SURGERY 


following the original injury because of osteomyelitis or some other 
complication of the fracture. Key and Conwell® briefly discussed the 
fracture on the basis of Shorbe’s report. Wood * stated that in his expe- 
rience amputation is resorted to in almost 50 per cent of these cases. 

We feel certain that if this fracture could be more widely publicized 
its occurrence could be largely prevented. The sideswipe fractures which 
we have treated in the Army have occurred only while the soldiers 
were on furlough, leave or pass; none have occurred during actual 
maneuvers or in performance of regular duty. This would lead one to 
believe that this particular injury is more of a civilian problem and, as 
such, should be recognized by the medical profession if for no other 
reason than their own self preservation and protection. 


REPORT OF CASES 


Since July 1942, 7 patients with sideswipe fractures have been 
admitted to O’Reilly General Hospital, Springfield, Mo. 


Case 1.—On July 13, 1942, a 37 year old Army private was driving his car, 
with his left arm out of the drivers’ window, when he was sideswiped by 
another car. He sustained multiple avulsive wounds of the left forearm and 
hand, as well as badly compounded, comminuted fractures of the middle third 
of the humerus, radius and ulna. He was admitted to this general hospital approxi- 
mately two hours later, in rather severe shock. After initial treatment for shock, 
primary amputation through the humeral fracture site was performed because 
of the extensive wounds of the forearm and hand and the pronounced impairment 
of peripheral circulation. The postoperative course was essentially uneventful. 
After the amputation stump was healed, the patient was fitted with a prosthesis 
and subsequently discharged from the service. 


Case 2.—On Sept. 18, 1942, a 20 year old Army sergeant was driving his 
automobile with his left arm out of the driver’s window, when he was sideswiped 
by another car. He sustained a badly comminuted compound fracture of the 
distal end of the humerus and the olecranon process of the ulna and a simple frac- 
ture of the middle and distal third of the ulna. He was immediately taken to an 
Army station hospital, where his wounds were débrided and primarily sutured ; 
his fractures were manipulated and a plaster cast applied, with the elbow extended 
60 degrees outside a right angle. Two days later he was transferred to this 
general hospital, where plaster immobilization was continued after several attempts 
at improving the position of the fragments. Purulent drainage persisted from a 
sinus over the left elbow until Jan. 3, 1943. The ulnar fractures healed in satis- 
factory alinement, but a pseudarthrosis through the humeral fracture site developed, 
permitting a range of motion in the left elbow of 60 degrees outside a right angle 
to 45 degrees inside a right angle (fig. 1A and B). Rotation of the forearm 
was moderately limited. He was returned to limited duty status after his dis- 
charge from the hospital on April 26, 1943. 


2. Key, J. A., and Conwell, H. E.: The Management of Fractures, Dislo- 
cations and Sprains, ed 3, St. Louis, C. V. Mosby Company, 1942, pp. 629-633. 
3. Wood, C. F.: Traffic Elbow, Kentucky M. J. 39:78-81 (Feb.) 1941. 
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Case 3.—On Oct. 14, 1942, a 25 year old Army sergeant, while driving with 
his left elbow out of the driver’s window, was sideswiped by a commercial bus, 
and sustained a compound fracture of the distal end of the humerus, extending 
into the elbow joint, and a compound fracture through the middle third of the 
radius and ulna. He was taken immediately to an Army station hospital, where 
his wounds were débrided, the fractures manipulated and a plaster cast applied 
from the axilla to the metacarpophalangeal joints, with the elbow flexed at 
90 degrees. Subsequently, he was transferred to this general hospital, where 
plaster immobilization was continued until Jan. 26, 1943. Physical therapy was 
then instituted. A definite nonunion persisted at the humeral fracture site. The 
patient was discharged to permanent limited duty status, working in a clerical 
position, with painless motion at the pseudarthrosis from 30 degrees outside a right 





Fig. 1 (case 2).—A, anteroposterior and, B, lateral roentgenograms of left 
elbow taken two years following sideswipe fracture. There is a complete disorgan- 
ization of the elbow joint, but the patient has a satisfactory range of painless 
motion through the pseudarthrosis at the site of the humeral fracture. 


angle to 10 degrees inside a right angle. There was pronounced limitation of 
supination and pronation of the forearm. Performance of his duties was satis- 
factory, but he was subsequently discharged from the service because of his 
disability. 


Case 4.—On July 13, 1943, a 20 year old Army private was driving, with his 
left elbow out the driver’s window, when his car was sideswiped by a truck 
traveling in the opposite direction. Two hours later he was admitted to this 
general hospital, in a mild degree of shock, with a gaping wound over the posterior 
aspect of the left elbow, from which protruded several loose pieces of bone. He 











516 ARCHIVES OF SURGERY 


was first treated for shock and then taken to the operating room, where the wound 
was thoroughly débrided and the loose fragments of bone removed. The 
ulnar nerve was seen to be exposed but appeared to be intact. The triceps tendon 
was severed, and no attempt was made to resuture it because of the danger of 
constricting circulation further in the forearm. At the time of admission it was 
noted that no radial pulse was palpable and the entire hand was cold and cyanotic. 
The edges of the laceration were loosely approximated with interrupted black 
silk sutures and a molded posterior plaster splint applied to the arm with the 
elbow in complete extension. The following morning a cervical sympathetic block 
was performed, but there was no noticeable improvement in the circulation to the 
hand. Subsequently, all the finger tips became gangrenous, and on Aug. 24, 1943, 
a guillotine amputation was performed through the distal third of the humerus 
at the site of the fracture. Secondary closure of the skin was done approximately 





Fig. 2 (case 5).—A, anteroposterior and, B, lateral roentgenograms of left elbow 
taken four months following sideswipe fracture. There is a persistent dislocation 
of the elbow joint, with loss of the major portion of the lateral humeral condyle 
and a nonunion of the small remaining fragment of the olecranon. Despite the 
pronounced disorganization of the joint, there is a satisfactory range of painless 
motion. 


five days later, and the postoperative course was entirely uneventful. After healing 
of the amputation stump, the patient was transferred to an amputation center, 
where he was fitted with a prosthesis, educated in its use and discharged from 
the service. At the present time he is working as a clerk for a railroad company, 
using his prosthesis to fair advantage. 


Case 5.—On Oct. 7, 1943, a 22 year old Army private first class was driving 
his car, with his left arm resting on the frame of the car window, when he was 
sideswiped by a truck passing in the opposite direction. He was taken immediately 
to an Army station hospital, where it was found that he had a badly lacerated 
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arm with a compound fracture of the distal end of the humerus and the olecranon 
process of the ulna. His wounds were débrided ; small pieces of bone were removed, 
together with the lateral epicondyle of the humerus, and the wound was primarily 
closed. The fracture was then manipulated and a plaster cast applied, extending 
from the base of the fingers to the axilla, with the elbow flexed at 90 degrees. 
The patient was subsequently transferred to this general hospital, where immobiliza- 
tion was continued until Dec. 2, 1943, when the plaster cast was removed and 
active motion of the elbow and forearm begun. After a period of six weeks follow- 
ing removal of immobilization, the patient had a good functional result in spite 
of a poor anatomic elbow joint as seen on roentgenolagic examination (fig. 2 
A and B). He had almost complete flexion of the elbow, and extension was 
limited to 60 degrees outside a right angle. He was discharged to permanent 
limited service and has continued to do satisfactory service in that capacity. 





Fig. 3 (case 6).—A, anteroposterior and, B, lateral roentgenograms of left 
elbow taken nine weeks following sideswipe fracture. There is little evidence of 
healing in the extensively comminuted humeral fracture. 


Case 6.—On May 18, 1944, a 23 year old Army private was driving, with his 
left elbow out the driver’s window, when his car was sideswiped by an oncoming 
truck. The resulting injury consisted in a badly compounded, comminuted fracture 
of the distal end of the humerus, compound fractures of both bones of the forearm 
and a severe avulsive wound over the elbow. He was first seen in an Army 
station hospital, where he was treated for shock and his wounds were débrided 
and dressed. Twelve hours later he was transferred to an Army general hospital, 
where at once his wounds were extensively débrided because of a spreading gas 
bacillus infection. It was noted at that time that there was a complete severance 
of the ulnar nerve and an incomplete severence of the median nerve.. Amputation 
of the extremity was considered but not performed. The patient was treated 
with antigas serum and penicillin parenterally and roentgen ray therapy 
locally on his arm. He experienced a stormy convalescence, and it 
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was decided that he should be transferred to a __plastic-orthopedic- 
neurosurgical center as soon as his condition permitted. Consequently, on July 18, 
1944, he was admitted to this general hospital, with his left arm encased in a 
long arm cast, which was badly soiled from drainage. Examination following 
removal of the cast revealed a large granulating wound over the entire posterior 
aspect of the elbow, measuring approximately 12 inches (30.4 cm.) in length and 
5 inches (12.7 cm.) in breadth. Little evidence of healing of the fractures could be 
demonstrated clinically or on roentgenologic examination (fig. 3A and B). 
Numerous sequestrectomies were done at the site of the humeral fracture until there 
was a cessation of all drainage, by Oct. 15, 1944. A full thickness pedicle graft was 
applied to the elbow, and the patient has recently had a repair of his ulnar nerve. 
The fractures of the forearm are well healed, but nonunion persists at the site 
of the fracture of the humerus (fig. 44 and B). On completion of his neuro- 
surgical treatment, he will be returned to the orthopedic section for bone graft 





Fig. 4 (case 6).—A, lateral and, B, anteroposterior roentgenograms of same 
elbow as in figure 3, taken one year after injury, showing typical nonunion and 
pseudarthrosis at the site of fracture in lower third of humerus. There is little 
motion in this elbow joint. 


of the fracture of the humerus. Range of motion at the elbow joint at present 
is limited to 15 degrees outside a right angle to 15 degrees inside a right angle, 
including motion at the site of nonunion in the humerus. 


Case 7.—On Aug. 18, 1944, a 23 year old Army sergeant was driving, with 
his left elbow out of his car window, when he was sideswiped by a truck going in 
the opposite direction. He sustained compound fractures of the supracondylar 
region of the humerus, the olecranon process of the ulna and the proximal and 
distal third of the radius. He was first given medical treatment in a civilian 
hospital and then was transferred to an Army station hospital, where, on Aug. 20, 
1944, thorough depridement and cleansing of the wound were done and the arm 
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was immobilized in a plaster cast. It was noted at that time that there was loss 
of the major portion of the distal third of the humerus, with the exception of 
part of the medial epicondyle, and loss of the olecranon process of the ulna. He 





Fig. 5 (case 7).—A, anteroposterior and, B, lateral roentgenograms of left 
elbow ten months following sideswipe fracture. The entire elbow joint has been 
removed, including the olecranon and the distal 5 inches (12.7 cm.) of the humerus. 
Most of this bone was removed at time of initial débridement. There is no 
peripheral nerve injury. 





Fig. 6 (case 7).—A, same patient whose roentgenograms are shown in figure 5. 
A pedicle graft has been applied to the left elbow. The site of the pedicle flap 


may be seen on the left wall of the chest. There is pronounced instability of the 
left elbow. 
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was transferred to an Army Air Forces regional hospital, where, on August 27, 
an attempt at secondary closure was made, but, because of soft tissue loss, it could 
not be done satisfactorily. At that time it was noted that the three major nerves 
in the region of the elbow as well as the brachial artery were intact. The fracture 
of the distal end of the radius was plated, and the fracture of the proximal end 
of the radius was reduced and held with a wire loop. The patient was subsequently 
transferred to this general hospital on September 26, with a large granulating 
wound over the posterior aspect of the elbow. On October 12, the loose medial 
epicondylar fragment was removed in an attempt to clear up the persistent drainage 
(fig. 5A and B). The wound soon healed, and, because of the extensive scarring 
over the posterfor aspect of the elbow, a full thickness abdominal pedicle graft 
was applied on March 2, 1945 (fig. 6A). At the present time the patient has a 
flail elbow with pronounced instability and little active motion (fig. 64). An 
acrylic resin implant is to be applied to the end of the humerus to see if a longer 
fulcrum can be established for better motion of the elbow. If this is not satis- 
factory, arthrodesis of the elbow will be done. 


COMMENT 

We feel that this small series of 7 cases presents a fairly typical 
cross section of the universally poor results obtained in sideswipe frac- 
tures. In 2 of the 7 cases reported on amputation through the lower 
third of the humerus was performed, and in 2 additional cases (cases 6 
and 7) amputation might have been performed without criticism. In the 
2 latter cases, however, there was never any serious impairment of cir- 
culation in the forearm and hand, and the 2 patients will eventually have 
a much better functional result than could be obtained by amputation. 

It is also of interest to note that in 3 of the cases in this series a 
nonunion of the supracondylar fracture of the humerus developed. In 
2 instances, the pseudarthrosis permitted a fairly useful range of pain- 
less motion of the elbow. In the third case a bone graft will be necessary 
to obtain healing in the fracture, and at the same time arthrodesis of the 
elbow joint may be done. 

Because of the many factors involved in this injury, no set routine 
for treatment can be outlined. Each case necessarily must be individual- 
ized. The badly lacerated wounds should be débrided by sterile technic, 
with removal of foreign material and all isolated, far removed frag- 
ments of bone. Nerves should be primarily sutured if there is disrup- 
tion of their continuity and they are easily visualized. If there is some 
impairment of circulation, cervical sympathetic blocks may be instituted. 
Obviously, the chief criterion for amputation through the site of the 
fracture is severe impairment of the peripheral circulation. If it is nec- 
essary to ligate the brachial vessels or if these vessels have been throm- 
bosed by trauma, amputation is usually the procedure of choice. Every 
effort should be made, however, to salvage a forearm and hand if there 
is any chance for restoration of function, since even a poorly functioning 
hand is in most cases much better than a prosthesis. The amputation 
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is usually at the level of the fracture site in the supracondylar region 
of the humerus, and primary amputation may be done if there is ade- 
quate skin to cover the stump without tension. As much of the upper 
arm should be salvaged as possible. Although a primary amputation 
was done in 1 of our cases, it is an established policy in the Army 
now to perform guillotine amputations in all cases of compound frac- 
tures in which amputation is indicated; this is followed by a period of 
skin traction on the stump and then secondary closure or reamputation 
at a higher level after all danger of a spreading infection in the 
extremity has disappeared. 

The major fragments of bone should be approximated as best they 
can be and external immobilization applied. This immobilization is 
usually a full arm plaster cast, extending from the axilla to the meta- 
carpophalangeal joints, with the elbow fiexed at 90 degrees and the 
forearm in neutral position of rotation. If the humeral fracture extends 
much above the supracondylar region, however, a shoulder spica cast 
may have to be applied. If there is any evidence of’ vascular embarrass- 
ment, the cast should be bivalved and only the posterior shell employed 
until there is no further chance of vascular impairment. 


The use of internal fixation by means of metal plates, screws or 
wires is not condemned but is seldom found to be feasible in the pres- 
ence of the extensive comminution of the fragments which is usually 


encountered. ‘The fractures of the radial and ulnar shafts are more apt 
to warrant the employment of internal fixation than are the comminuted 
fractures extending into the elbow joint itself. The use of transfixing 
wires incorporated in the cast or the use of skeletal traction for reduc- 
tion of the forearm fractures may be employed. 

So far as the fractures immediately about the elbow joint are con- 
cerned, adequate immobilization is usually secured by a plaster cast. 
Since ankylosis of this joint is anticipated, the forearm is usually held 
at a right angle to the upper arm. If, however, this position produces 
constriction of the brachial vessels, the forearm may be extended as 
much as necessary for a few days until the swelling of the arm recedes 
sufficiently to permit flexion to a right angle. 

Immediate resection of the entire elbow joint or at least resection 
of the comminuted fragments composing the distal end of the humerus 
has been recommended by some orthopedists as the treatment of choice 
in this type of injury. This was done in 1 of our cases. We believe 
that it is better at the time of the initial débridement to remove only 
the completely detached fragments of bone which are certain to seques- 
trate and to reserve a complete resection of the joint for a later pro- 
cedure. In this way there will not be such an extensive removal of 
bone, and at a later date the surgeon may better choose the exact level 
of the resection. In some instances, too, an arthroplasty may even 
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be feasible after the fractures have healed. In any event, a more stable 
and more useful elbow joint will result if too much bone is not removed. 
Furthermore, an arthrodesis of the elbow joint may be indicated later, 
especially if the person is forced to make his livelihood at manual 
labor. If much bone is removed at the time of the initial débridement, 
subsequent arthrodesis is made extremely difficult. 

Because of the extensive damage to the skin overlying the posterior 
aspect of the elbow, it is frequently necessary to employ a skin 
graft to obtain healing of the wound. A split thickness graft may 
suffice; but if any operative work on the elbow is contemplated a 
pedicle graft from the abdomen is usually applied (fig. 6 A). 


SUMMARY 


1, “Sideswipe fractures” are mutilating fractures of the left elbow 
sustained when the driver of an automobile has his elbow resting 
on the window frame at the moment his car is sideswiped by an 
oncoming vehicle. 


2. Because of the usually extensive damage to soft tissue these 
fractures are difficult to treat and are prone to produce a poor result. 

3. Although amputation through the humeral fracture site may 
be necessary due to pronounced circulatory impairment, every effort 
should be made to salvage the forearm and hand if there is any chance 
for restoration of function. 

4. The general plan of treatment for fractures of this type has been 
discussed. 

5. The occurrence of this fracture could be largely prevented 
if the medical profession as well as the general public could be 
better informed concerning the manner in which the fracture is sustained. 
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ANAPHYLAXIS-LIKE REACTIONS PRODUCED BY 
ASCARIS EXTRACTS 


1. The Changes in the Histamine Content and the Coagulability of the 
Blood in Guinea Pigs and in Dogs 


M. ROCHA e SILVA and R. GRANA 
SAO PAULO, BRAZIL 


N a preceding paper, we have studied’ the mechanism of shock 

produced by hydatid fluid (Taenia echinococcus) when injected into 
dogs. We have reached the conclusion that the material responsible 
for the shock is not precipitated by 5 per cent trichloroacetic acid, 
does not dialyze through cellophane paper and resists boiling tempera- 
ture for a long time. From those preliminary studies we have been able 
to obtain a fairly purified material which produces profound shock 
in dogs. This shock is of the indirect type, since a second injection 
of the same material does not produce any appreciable effect (desensi- 
tization). Furthermore, in certain cases there occurred an evanescent 
incoagulability of the blood and in a few animals complete incoagulability 
was observed, suggesting a liberation of heparin from tissues into the 
blood stream. Histamine was found to be increased in the circulating 
blood in a few animals but in most of the cases there was rather a drop 
in the blood histamine in dogs into which hydatid fluid had been 
injected. This observation was somewhat contradictory to that made 
by Grafia, Recarte and Balea? in Montevideo, since a definite increase 
in blood histamine was found by these authors in every dog into which 
hydatid fluid had been injected. This point was not understood at 
the time we had written the mentioned reports but by now we are 
inclined to assume that differences in the degree of sensitization to the 
substances of T. echinococcus, very common in Uruguay and very rare 
in Brazil, might explain the discrepancy cited. 


While we were concluding the experiments on hydatid fluid, it 
occurred to us that other nematodes might contain similar toxic sub- 
stances, a fact which would contribute to a better understanding of 
the shock produced in the dog by hydatid fluid. Fortunately, as 


From the Department of Biochemistry and Pharmacodynamics, Instituto 
Biologico. 
1. Rocha e Silva, M., and Grafia A.: Am. J. Physiol., to be published. 


2. Grafia, A.; Recarte P., and Balea, E.: Rev. Soc. argent. de biol. 19: 
444, 1943. 


523 











524 ARCHIVES OF SURGERY 


concerns the Ascaris group, the way was opened by previous studies * 
showing that extracts prepared from ascaris produce hypotension in 
dogs. From Ascaris lumbricoides, Shinamura and Fuji* were able 
to isolate an “albumose-peptone” which they designated as “askaron,” a 
very toxic substance for dogs. More recently, Machebouef and Man- 
doul ® were able to prepare extracts from Ascaris megalocephala which 
produced in the guinea pig lung an emphysema which is indistinguish- 
able from that produced by anaphylactic shock. The active material 
obtained from ascaris by Machebouef and Mandoul was soluble in 4 
per cent trichloroacetic acid and in 50 per cent ethyl alcohol. Prolonged 
dialysis did not remove the active substance. In 1939, O. Bier *® was 
able to show that A. lumbricoides contains a substance very active in 
producing an anaphylactic-like shock in guinea pigs. These previous 
observations appeared to justify the belief that A. lumbricoides might 
provide a suitable source for obtaining a material producing a shock of 
the anaphylactic type in dogs. Our hopes were largely confirmed by 
the observation that extracts from A. lumbricoides are extremely power- 
ful in producing severe to fatal shock in dogs, showing all the char- 
acteristics of anaphylactic shock, namely, liver congestion, incoagulability 
of the blood, desensitization after recovery and appearance of histamine 
in the blood. The shock, however, is extremely severe, and almost 
all animals react violently to an injection of a few cubic centimeters of 
the ascaris extract. 
MATERIALS AND METHODS 

Fractionation of the Ascaris Extracts—The A. lumbricoides, collected from 
hogs in large quantity at the slaughter house, were divided in a meat chopper 
and thoroughly ground in a colloid mill apparatus. The homogenous pulp obtained 
was treated with an equal volume of a 10 per cent solution of trichloroacetic acid, 
and the mixture was mechanically stirred for two hours at room temperature 
and left overnight in the icebox. The next day the material was centrifuged 
and the opalescent solution submitted to proionged dialysis through cellophane 
paper, for at least forty-eight hours, until freed of trichloroacetic acid. The final 
pu was usually around 5.8 to 6. The material was neutralized with sodium car- 
bonate, and the solution used in many experiments is designated as fractions 
Eo, EEo and EEE+, etc. 

The material was further purified by submitting it to the following procedure: 
About 100 cc. of Es solution was added with stirring to 106 cc. of absolute alcohol. 
A heavy flocculent precipitate was obtained, consisting mostly of glycogen (strong 
iodine reaction). The material was centrifuged off and the supernatant concentrated 
to syrup in vacuo at 80 F. The addition of acetone precipitated a material which 
was further dried by successive additions of acetone. The buffy powder obtained 


3. Leroy, A.: Arch. internat. de physiol. 9:276, 1910. Emery, F. E., and 
Herrick, C. A.: Am. J. Physiol. 91:143, 1929. 

4. Shinamura, T., and Fuji, N.: J. Coll. Agric. 4:189, 1917; cited by 
Essex, Markowitz and Mann.?° 

5. Machebouef, M., and Mandoul, R.: Compt. rend. Soc. de biol. 180: 1032, 1939. 

6. Bier, O.: Personal communication to the author. 








i 


a Oe ee ee ee 





>m 
er 
ied 


ire 
red 
ine 
nal 
ar- 
ns 


ol. 
ng 
ted 
ich 
1ed 


ind 


39. 





ROCHA e SILVA-~-GRANA—ASCARIS EXTRACTS 525 


is designated as E:, EE; and so on. This powder was dissolved in water, filtered 
and submitted to further dialysis against distilled water for forty-eight to seventy- 
two hours. The solution was then concentrated in vacuo and dried with acetone. 
Estimations of nitrogen in this material (Eu) gave 12 to 15 per cent of total 
nitrogen. It gave a strong biuret reaction (4 plus), a positive Sakaguchi reaction 
(3 plus), an undecided Molisch reaction (plus-minus), a negative Hopkins-Cole 
reaction (minus) and a negative Knoop reaction (minus) after prolonged dialysis 
with concentrated hydrochloric acid. The material En did not precipitate with 
a 5 per cent solution of trichloroacetic acid but gave a precipitate with a sulfuric 
solution of phosphotungstic acid. From those data one might conclude that the 
substance which produces shock in dogs is not a protein but can be included in 
the group of the proteoses of large molecular weight. The questionable Molisch 
reaction might be due to traces of the polysaccharide (glycogen) present in the 
crude extracts. 

The ‘glycogen fraction (G:) which is precipitated from E>. with an equal volume 
of absolute alcohol was easily purified by successive redissolutions in isotonic 
solution of sodium chloride and reprecipitations with an equal volume of absolute 
alcohol. The final material gave a strong iodine reaction for glycogen and a 
strong Molisch reaction (4 plus). This material is responsible for the opalescence 
of the ascaris extracts. Apparently related to this fraction is the polysaccharide 
prepared from A. lumbricoides by Campbell.7 

Antithrombin Assay.—A solution of human thrombin was prepared according 
to the indications of Quick. The addition of 0.1 cc. of the full strength (1/1) 
thrombin solution to 0.2 cc. of normal oxalated dog plasma produced a firm clot 
in about six to seven seconds at room temperature. A series of dilutions of 
human thrombin solution was made and 0.1 cc. of each pipetted into small test 
tubes containing 0.2 cc. of the plasmas to be tested. The clotting times in seconds 
were plotted in curves against the thrombin dilutions. In the case of dog 17, we 
have calculated the approximate antithrombin content (heparin) by applying the 
formula ct = a+ k/c (where ct = clotting time and c = concentration of thrombin). 
The antithrombin values indicated in figure 4 were calculated by subtracting from 
100 each value for the thrombin concentration (100 —c). 


RESULTS 

Characteristics of the Shock Produced in Dogs by Ascaris Extracts.— 
Injected intravenously in dogs, the deproteinized and dialyzed E, extract 
from A. lumbricoides produced severe shock with great enlargement 
of the liver, stasis in the abdomen, enormously increased pressure in 
the trunk of the porta! vein and incoagulability of the blood. After 
the administration of the extracts and after a latent period of one and 
one-half to two minutes, blood pressure in the carotid artety begins to 
fall sharply; the animal shows profound restlessness even under deep 
anesthesia. After a few minutes, the liver shows the characteristics 
of an enormous stasis, its borders lose their sharpness and its volume 
almost doubles. The color of the organ rapidly changes into a dark 
brown or black. Only 1 dog in 19 did not show this extremely serious 


7. Campbell, D. H.: J. Infect. Dis. $9:266, 1936. 
8. Quick, A.: Am. J. Physiol. 116:535, 1936. 
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picture of shock. During recovery, before acquiring its peculiar reddish 
taint, the liver presents a somewhat reticulate picture in which regions 
in light brown alternate with areas of dark or blackish brown taint. 
If, in the case of recovery, the same amount of ascaris extract is injected 
again, the animal does not react (chart 1). This is an evidence that the 
shock is indirect and not dependent on a primary toxicity of the extract. 
In most cases, after an incomplete recovery, the animal goes very 


rapidly into secondary shock and dies after two to three hours. The - 


blood collected immediately after the injection of the extracts sometimes 
showed increased tendency to clot (in one minute), but the blood 
collected three to four minutes after the onset of the shock shows definite 
increased clotting times or complete incoagulability (no clot after twenty- 
four hours’ standing at room temperature). This incoagulability was 
so common and constant that it usually gave a rough picture of the 


30” 


tee ! 


Eo Eo 


Som Mm __ onlin ee a eee ‘ ais 








Chart 1 (dog 43).—At the arrows, 15 cc. of an aged ascaris extract was injected. 
The reaction was exceptionally mild. After recovery, the animal did not react with 
the same dose of the extract (desensitization). 


severity of the shock. In cases of the severest shock the incoagulability 
of the blood was infinite (2), even in samples collected two or three 
hours after the onset of the shock, just before death. A striking and 
constant observation was the disappearance of the buffy coat and of the 
platelets in the blood collected after the injection of the extracts. This 
was apparent after a slow centrifugation (1,200 revolutions per minute) 
for five minutes; while the oxalated blood collected before the injection 
of the material usfially showed an incomplete sedimentation with a very 
turbid plasma, the samples collected in identical circumstances after 
the injection of the ascaris extracts or after the onset of the shock 
showed an extremely rapid sedimentation of the erythrocytes, almost 
complete disappearance of the white cell layer (buffy coat) and a 


perfectly clear supernatant plasma. Direct leukocyte and platelet counts 
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confirmed this preliminary observation, showing in many cases an 
almost complete disappearance of the white blood cells and platelets 
after the injection of 5 to 10 cc. of the E, extracts. 

Through this brief discussion of the most important characteristics 
of the shock produced in dogs by the injection of a deproteinized and 
dialyzed ascaris extract, it is apparent that this shock is extremely 
similar to anaphylactic shock in dogs. Every symptom which one is 
accustomed to observe to be severe in a certain number of dogs sensitized 
to horse serum appears regularly after the injection of ascaris extracts. 
This would induce one to consider the shock produced by ascaris 
extracts as a “markedly severe anaphylactic shock” and to study its 
mechanism of production in an attempt to clarify the mechanism of 
anaphylactic shock in the dog. This was the main purpose of the 
present papers. 

Blood Histamine During the Shock Produced by Ascaris Extracts.— 
The dogs were anesthesized with morphine sulfate and dial, the blood 
pressure of the carotid artery recorded and the femoral veins exposed 
for collecting samples of blood and injecting the extracts. The samples 
of blood (5 to 10 cc.) were collected in syringes coated with petrolatum 
without anticoagulant, and 4 cc. from each sample was pipetted into a 
test tube containing 5 cc. of 10 per cent solution of trichloroacetic acid 
for extraction of histamine by Code’s method ® and estimation of its effect 
on guinea pig ileum. The figures for normal blood histamine in the dogs 
submitted to morphine-dial anesthesia were definitely lower than those 
reported in a previous paper ' to have been observed in dogs submitted to 
chloralose anésthesia. The figures for the histamine content in 1 cc. 
of blood oscillated from 0 to a maximum of 0.10 microgram, with an 
average value of 0.04 microgram per hundred cubic centimeters, in 17 
different animals. Samples were collected (a) before the injection, (>) 
during the fall of the blood pressure in the carotid artery, (c) when the 
pressure was stabilized at a minimum, (d) after ten to fifteen minutes 
of the fall, (e) during recovery and (f) just before death. Those esti- 
mations permitted the tracing of curves in which the blood histamine is 
correlated to the blood pressure values. Chart 2 shows the curves 
obtained in 4 dogs submitted to the shock produced by ascaris extracts. 
It is apparent that the increase in blood histamine is concomitant with 
the steep fall of the blood pressure in the carotid artery, but the maximal 
values for histamine in the blood are usually attained several minutes 
after the onset of the shock. In many cases this increased histamine 
content in the femoral blood persisted until death, but usually the drop 
started somewhat earlier and the normal level was quickly attained. 





9. Code, C. F.: J. Physiol. 89:257, 1937. 
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That this histamine which appears in large amounts in the circulating 
blood comes from the liver is clearly shown by the decrease in the total 
histamine extractable from pieces of liver after shock. Fragments of the 
liver of 10 dogs were taken before and after the injection of the ascaris 
extracts, and in almost all cases in which the shock has been severe there 
has been considerable reduction in the histamine content in 1 Gm. of liver. 
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Chart 2.—Variations in blood histamine and the blood pressure of the carotid 
artery after the injection of materials extracted from ascaris (at the arrows) ; 
I, dog 3; 17, dog 6; III, dog 8, JV, dog 10. For details, see table 1. 


Impressive were the increases in blood histamine in samples taken 
from the portal vein. The blood was collected after quick exposure of 
the trunk of the portal vein. Usually, the hemorrhage through the hole 
pierced by the needle was very severe or uncontrollable, owing to the 
increased pressure in the portal circulation combined with the incoagu- 
lability of the blood. This bleeding relieved somewhat the abdominal 
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condition and improved the appearance of the liver. As shown in 
table 2, the histamine contents in the samples of blood taken from the 
portal vein were usually greater than those estimated in a sample col- 
lected almost simultaneously in the femoral vein. As shown in the 
experiments made with dogs 6, 13, 14 and 17, this differential in the 
histamine contents in the femoral and the portal veins attains a 
considerable value, since in those dogs the amount of histamine in the 
portal blood was in 3 cases twice as large as, and in 1 case four times 
larger than, that estimated in the blood in the femoral vein. In the case 
of dog 17 (chart 4) several samples of blood were simultaneously 
collected in the femoral vein and in the portal vein. Contrasted with the 
low peak of histamine content in the femoral vein, there was a high peak 
of histamine in the portal vein. If one considers the enormous diffusi- 
bility of the histamine through the whole circulatory apparatus, this 


TaBLe 2.—Comparative Estimations of Histamine in Blood Samples Collected 
in the Portal and Femoral Veins 














Time After Histamine Content, Megm./Ce. 
Injection, - ———_-— A 
Dog Min. Femoral Vein Portal Vein 
6 6 0.56 1,10 
3 12 0.90 1.05 
10 9 0.70 0.85 
11 7 0.07 0.07 
Ls 15 0.62 1.25 
14 10 0.26 0.44 
17 3 0.06 0.25 





histamine stagnation in the portal system is suggestive of a tremendous 
obstruction in the capillaries and the small vessels of the liver, almost 
stopping the circulation in the suprahepatic veins. This is consistent 
with the macroscopic appearance of the enormous stasis in the liver, as 
described before. 

The Incoagulability of the Blood.—As indicated in table 1, the samples 
of blood taken after’ the injection of ascaris extracts almost always 
remain unclotted for twenty-four hours (++). Usually, the first sample 
taken two to three minutes after the injection, during the fall of the 
blood pressure of the carotid artery, clotted in ten to twenty minutes 
(+); the third sample, however, was usually incoagulable when shock 
was severe. In a few animals, samples were taken and oxalated for a rough 
estimation of the antithrombin potency, employing human thrombin as 
reagent, according to the method described by Quick.* In most cases in 
which the blood remained incoagulable, even the addition of the full 
strength thrombin solution (1/1) was unable to induce coagulation after 
a reasonable period of time. That this incoagulability was due to the 
appearance of an antithrombin factor (heparin) in the circulating blood 
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was shown by mixing a proper amount of it with normal oxalated plasma. 
This mixture did not clot when treated with the thrombin solution. 
Chart 3 shows the antithrombin curves of dogs 16, 17 and 18. From the 
values of the clotting times of the plasmas of dog 17, in contact with 
the full strength thrombin solution, a curve was drawn indicating the 
increase in antithrombin activity (heparin) in correlation with the 
increases in the histamine content in femoral and portal blood, as well 
as with the variations of the blood pressure in the carotid artery (shock). 
As shown in chart 4, the peak of heparin is attained a little later than 
the peak of histamine and the fal! in blood pressure of the carotid artery. 

In dogs 15 and 19, all samples taien two minutes after the injection 
of the ascaris extract did not clot, even after addition of the full strength 
thrombin solution. it has been somewhat difficult to graduate the 
amount of extract which was injected in order to have a moderately 
increased clotting time. The incoagulability of the blood was extreme 
in most cases, the blood remaining incoagulable for twenty-four hours. 
Even when death occurred after two to three hours, in most cases the 
clotting times remained high or infinite until death. Usually the blood 
taken from the portal vein remained unclotted, even in those cases in 
which the peripheral blood clotted after a reasonable length of time. 

Although a strict parallelism between the severity of the shock and 
the degree of incoagulability of the blood cannot be drawn, there was, 
however, a rough parallelism, and we have been able to observe that 
when recovery did occur the incoagulability of the blood was not so 
extreme. In the cases of dogs 9 and 18, shock was mild or absent, 
and at the same time the blood did not remain fluid for a long time. We 
shall show in a future paper that glycogen when given in large doses 
partially desensitizes the animal to a further injection of ascaris extracts. 
In a few cases, the animal reacted only slightly to the ascaris extract. 
In all cases in which shock was mild or absent the incoagulability of the 
blood was not much changed. If it is true that mild shock did not 
change appreciably the coagulability of the blood, we cannot affirm, 
however, that very great shock is always followed by an extreme 
incoagulability of the blood. In a few cases of fatal shock, the coagu- 
lability of the blood was not greatly changed, as wili be shown in this 
paper. It is also difficult to decide whether there is a perfect parallelism 
between the increases in the blood histamine values and the incoagu- 
lability of the blood. Although both phenomena seem to follow the same 
trend, we think that we are dealing with two substances of very different 
diffusibilities. Histamine disappeared very quickly from blood, although 
the antithrombin factor (heparin) frequently remained in the circulation 
until death. Moreover, histamine can be accurately estimated, while 
Quick’s method of estimating the antithrombin factor is a very rough 
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Chart 4 (dog 17).—Correlation between the blood pressure of the carotid artery 
(I), the histamine content in the portal vein (//), in the femoral vein (///]) and 
the antithrombin potency (JV). The latter was arbitrarily calculated by making 


complete incoagulability (co) equal to 100. 
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one and does not give the actual values of the appearing antithrombin 
potency when the latter attains a value exceeding the potency of the full 
strength thrombin solution. The protamine test as devised by Jaques 
and Waters *° would give more reliable data, but we had no oppor- 
tunity to apply it. 

The Latent Period.—Like true anaphylaxis, the shock produced by 
ascaris extracts starts one and one-half to two minutes after the intra- 
venous injection of the material. An accurate study of the changes in 
the circulating blood during this latent period is most desirable, since it is 
during this time that the anaphylactic “explosion” takes place. We 
have followed in a few cases the changes of the histamine content in the 
blood of the portal and femoral veins, as well as estimated the approxi- 
mate amount of the antithrombin factor (heparin) before and during 
the latent period and after the onset of the shock in dog 17. It is 
apparent from data shown in chart 4 that the histamine peaks attain 
values much higher in the portal vein than in the femoral vein and that 
in both they precede the heparin peak. It became clear that the peak of 
histamine is preceded by a definite decrease in blood histamine just at 
the end of the latent period. This disappearance of histamine from the 
circulating blood coincided with the disappearance of the buffy coat 
(leukocytes) and platelets from the circulating blood. It is therefore 
very probable that the increases in the blood histamine as indicated in 
table 2 do not show in most cases the exact picture of the phenomenon, 
since between the first sample, taken before the injection, and the samples 
taken during the fall of blood pressure of the carotid artery there must 
have been a sharp fall of the histamine values to zero. 

Experiments in Guinea Pigs—Machebouef and Mandoul*® have 
described the shock produced by a deproteinized and dialyzed extract 
from ascaris megalocephala, when injected intravenously into guinea 
pigs. Bier * has studied further the question, with extracts made from 
A. lumbricoides. In a few experiments on lung perfusion, Bier has 
shown that liberation of histamine takes place; that has been confirmed 
in this laboratory. From those observations it became very clear that 
the pulmonary emphysema is produced by a local discharge of histamine 
acting directly on the smooth musculature of the small bronchi. We 
have performed many experiments to show the in vivo liberation of 
histamine, by estimating the blood histamine before and after the injection 
of ascaris extracts. Table 3 shows the results obtained in 9 guinea pigs 
of 350 to 500 Gm. of body weight. The first blood sample for histamine 
estimation was collected by puncture of the heart, injection of ascaris 
extract through the jugular vein and collection of the last samples from 


10. Jaques, L. B., and Waters, E, T.: J. Physiol. 99:454, 1941. 
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the jugular vein or the exposed heart after shock. As shown in table 3, 
there was in many cases a drop in the histamine content of the blood 
immediately after the shock, but after four minutes of the injection a 
rise took place. This rise was very pronounced in a few animals, attain- 
ing 1.5 to 2.2 micrograms per cubic centimeter of blood. 


TaBLe 3.—Changes in Blood Histamine in Guinea Pigs into Which 
Ascaris Extracts Were Injected 








Blood Histamine, Mcgm./Cc. 
— a 


After Injection 


Material Before -_— “ — ~ Degree of 
Guinea Pig Injected * Injection 1 to 2 Min. 4 Min. Emphysema 

1 EEEo 0.35 0.25 = +t 
2 EEEo 0.25 0.17 pane +++ 
} EEEo 0.30 0.11 0.34 ++ 
4 EEEo 0.34 0.37 0.45 ++++ 
o EEEo 0.44 ome 1.50 btett+ 
6 EE: (100 mg.) 0.41 0.28 0.31 ae 
7 EEEo 0.37 0.27 0.30 ++++ 
5 EEEo 0.33 2.12 2.21 +++4 
9 EEEo 0.30 0.0 0.72 +e 





* The crude EEEo extract was usually injected in the dose of 5 ce. intrayenously. 


COMMENT 


The participation of the liver in the production of the anaphylactic 
shock in the dog has been suspected since early times. Manwaring ™ 
was unable to elicit anaphylactic shock after ligation of the aorta and the 
vena cava above the diaphragm, Also the injection of the antigen in a 
sensitized dog with an Eck fistula does not produce shock, as Shown by 
Voegtlin and Bernheim '* and Denecke.** Moreover, the extreme stag- 
nation of the blood in the liver of dogs submitted to anaphylaxis was 
described by Weil.’* Furthermore, it is a generally accepted theory that 
the mechanism for this stagnation of blood in the liver can be accounted 
for by the liberation of histamine from tissues to plasma in which it 
appears in large amounts, as shown by Dragstedt and Gebauer-Fuel- 
negg,’® Dragstedt and Mead ** and more recently by Code,’* who has 
applied careful methods of estimation of histamine to correlate the 
increases in blood histamine with the drop of the blood pressure in the 


11. Manwaring, W. H.: Ztschr. f. Immunitatsforsch. u. exper. Therap. 
8:1, 1910. : 

12. Voegtlin, C., and Bernheim, B. M.: J. Pharmacol. & Exper. Therap. 2: 
507, 1911. 

13. Denecke, G.: Ztschr. f. Immunitatsforsch. u. exper. Therap. 20:501, 1914. 

14. Weil, R.: J. Immunol. 2:525, 1917. 

15. Dragstedt, C. A., and Gebauer-Fuelnegg, E.: Am. J. Physiol. 102:512, 1932. 

16. Dragstedt, C. A., and Mead, F. B.: J. Pharmacol. & Exper. Therap. 
57:419, 1936. 

17. Code, C. F.: Am. J. Physiol. 127:78, 1939. 
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carotid artery. Finally, in 1941, Ojers, Holmes and Dragstedt '* 
showed that the liver histamine is sharply reduced in severe anaphylaxis 
in the dog. In the guinea pig an increase in blood histamine was shown 
by Code *’ to occur immediately after the onset of anaphylactic shock, 
this accounting for the emphysema which is the main symptom of the 
shock in this species of animal. 

The shock produced in dogs and guinea pigs by ascaris extracts 
differs from true anaphylaxis only in one point, namely, that the animals 
have not been prepared by previous injections of the extract. All 
characteristics of the anaphylactic shock are present : extreme congestion 
of the liver and increased pressure in the portal vein, decrease in the 
liver histamine in dogs; increase in blood histamine in guinea pigs and 
dogs ; incoagulability of the blood due to discharge of an antithrombin 
(heparin) factor, and desensitization to further injections of the same 
material after recovery. To reconcile the view of an absence of a 
previous sensitization of the animal with the anaphylactic nature of the 
shock, one might invoke the possibility that the animals have been 
prepared by a sort of endogenous sensitization produced by the presence 
of parasites in the intestinal tract. This view is not a new one, since 
Van Es and Schalk ** found that in horses, which frequently are infested 
with larvae of Gastrophilus intestinalis, severe anaphylactic shock 
developed when extracts of the larvae were given intravenously while 
the injection of the same material into another species of animal was 
entirely harmless. In 1931, Essex, Markowitz and Mann” studied 
the toxic effects of extracts of two helminths (Taenia pisiformis and 
Cysticercus pisiformis) frequently found in the intestinal tract of dogs 
and concluded that the parasites had a substance which acted primarily 
as°a toxin, since a profound shock developed even in the animals that 
had never been infested with such parasites, while animals heavily 
infested sometimes did not react to the extracts. This interpretation, 
however, cannot be entirely accepted today, since Brunner, Altman 
and Bowman *! have shown the occurrence of cross cutaneous reac- 
tions between extracts of different species of nematodes. Extracts 
of A. lumbricoides produced positive cutaneous reactions in a number 
of animals infected with either Ascaris canis or hookworms or whip- 
worms. In the dogs submitted to the experiments described in the 
present paper, there have been almost always a heavy infection of hel- 
minths (more frequently hookworms). We have also verified that 
after the intracutaneous injection of the ascaris extracts, a definite 


18. Ojers, G.; Holmes, C. A., and Dragstedt, C. A.: J. Pharmacol. & Exper. 
Therap. 73:33, 1941. 

19. Van Es, L., and Schalk, A. F.: Ann. Inst. Pasteur 32:310, 1918. 

20. Essex, H. E.; Markowitz, J., and Mann, F. C.: Am. J. Physiol. 98:18, 1931. 

21. Brunner, M.; Altman, J., and Bowman, K.: J. Allergy 15:2, 1944. 
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cutaneous reaction, with erythema and whealing, very similar to those 
described by Brunner and associates,** developed in a high percentage 
of the animals used in our experiments. Thus, one might be induced 
to assume that dogs in Brazil are almost universally sensitized to 
ascaris extracts. This is an important point to be settled, since the 
type of endogenous sensitization induced by intestinal parasites is rather 
of the allergic and not of the anaphylactic type. We cannot escape 
concluding that we are here in the limiting boundaries of allergy and 
anaphylaxis, and the profound analogy between anaphylactic shock 
and the allergic reaction produced by ascaris extracts shows how falla- 
cious is the distinction that others tried to establish between experi- 
mental anaphylaxis and allergy. It is also very remarkable that the 
purified active substance (E,,) extracted from ascaris has no property 
of a true protein, since it is not precipitated by 5 per cent trichloroacetic 
acid and yet it does not dialyze and gives a positive reaction to the 
biuret and the Sakaguchi test and a negative reaction to the Molisch 
test. The analogy of this kind of antigen (or allergen) with those 
described by others ** in pollen extracts is manifest. In another circum- 
stance, the classification of this substance as an “Ascarts allergen” 
inducing true allergic reactions proved to be very sound. In a few 
experiments on human subjects we have verified that a solution (cor- 
responding to 100 micrograms of nitrogen per cubic centimeter) of 
the purified ascaris substance (E,,) induced cutaneous reactions 
(whealing), and in 1 case such severe general reactions (headache, 
edema and constriction of the throat) developed that the patient had 
to be relieved by an injection of epinephrine hydrochloride. 

The extreme severity of the shocks induced in dogs by the injection of 
the deproteinized and dialyzed extracts from A. lumbricoides contrasts 
with the moderate reactions obtained in a high percentage of animals 
(30 per cent) sensitized to horse serum or egg albumin. We have now 
many reasons to believe that the presence of glycogen (or a polysac- 
charide giving the iodine reaction) or any other macromolecular sub- 
stance is the factor which aggravates the shock. 

Although the increases in blood histamine and the incoagulability 
of the blood are conspicuous in most animals, we shall show in 
the next paper that in a few animals after the injection of ascaris 
extracts there develops a condition without much release of active 
substances and yet the animal rapidly goes into shock and dies 
in half an hour. This kind of shock has been tentatively named 
“mechanical shock” and appears to depend on a mechanical obstruction 
of the circulation in the hepatic vein by agglutinated hematologic 
elements. Consequently, one is bound to assume that the shock pro- 


22. Rockwell, G. E.: J. Immunol. 43:259, 1942. 
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duced in dogs by ascaris extracts derives from a dual mechanism: 
(a) a clumping of leukocytes and platelets in the capillaries of the liver 
and (b) an explosive liberation of active substances, like histamine and 
heparin. : 

SUMMARY 


Deproteinized and dialyzed extracts from A. lumbricoides produce 
severe to fatal shock in dogs. Further purification of this material 
furnished a nitrogenous substance which does not dialyze and yet 
gives a strong biuret reaction, a positive Sakaguchi reaction and nega- 
tive Molisch, Knoop and Hopkins-Cole reactions. This substance, 
which is very active in producing shock in dogs, has been tentatively 
classified as a proteose of high molecular weight. 

The shock produced in dogs by ascaris extracts is indistinguishable 
from anaphylactic shock, since it is accompanied with enormous engorge- 
ment of the liver, drastic reductions in liver histamine, increase in blood 
histamine and appearance of an antithrombin (heparin) factor in circu- 
lating blood and desensitization. 

The main increases in blood histamine were found to occur in the 
portal vein. In many cases, the histamine content in the portal vein was 
two to six times higher than that found in the femoral vein. This sug- 
gests an almost complete stoppage of the circulation in the hepatic veins. 

Crude ascaris extracts produce massive emphysema in guinea pigs 
and death in a few minutes. In a few cases it has been possible to 
show an increase in blood histamine in this species of animal. 

The allergic nature of this anaphylaxis-like reaction produced by 
ascaris extracts is discussed, and the fallacy of establishing a separation 
between allergy and experimental anaphylaxis is emphasized. 











ACUTE GASTRODUODENAL OBSTRUCTION (DILATATION) 


COLONEL WILLIAM C. BECK 
MEDICAL CORPS, ARMY OF THE UNITED STATES 


ASTRODUODENAL obstruction is frequently overlooked because 

of the preponderance of acute intestinal obstruction in the soldier 
with abdominal wounds. Yet it is in the severely debilitated patient 
and the patient who has suffered extensive injuries that gastroduodenal 
obstruction is most likely to occur. It is important that the patient 
with these acute and subacute obstructions of the duodenum should be 
recognized, for his management and the ultimate prognosis are different 
from those of the patient with intestinal obstructions caused by adhesion 
bands and kinks. The significant points in the diagnosis and manage- 
ment are presented. 

Although little known and recently even less discussed, there is 
nothing very new about the complex usually referred to as acute 
gastric dilatation. It was recognized by Duplay * as early as 1833. Von 
Rokitansky * in 1842 described the fact that the duodenum could be 
obstructed by the root of the mesentery, producing an acute dilatation 
of the stomach. The mechanism was further brought out by Heschl 
in 1851, Glenard * in 1887 and Albrecht in 1899 as well as Condon * 
and Doolin® in 1919. Erdmann ® in 1868 described the association of 
this complication with injuries and wasting conditions. Ladd in 1932 
described (and in 1937 further discussed) an obstruction of the duo- 
denum due to a malrotation of the intestine and congenital adhesion 
bands, which was associated with a massive volvulus. Several reports 
of this type of obstruction, especially in infants and children, appear 
in the literature. Many articles and papers describing gastroduodenal 
ileus and associating it with postoperative and postpartum complications 
have been written since. 


1. Duplay, A., quoted by Kellogg.1> 

2. von Rokitansky, C.: Lehrbuch der pathologischen Anatomie, ed. 3, Vienna, 
W. Braumiiller, 1861, p. 187. 

3. Glenard, F., quoted by Kellogg.2°> 

4. Condon, A. P.: Treatment of Acute Gastromesenteric Ileus, Ann. Surg. 
70:107, 1919. 

5. Doolin, W.: Acute Dilatation of the Stomach, Brit. J. Surg. 6:125, 1919. 

6. Erdmann, L.: A Case of Gastric Dilatation, Arch. f. path. Anat. 53:295, 1868. 

7. Ladd, W. E.: Congenital Duodenal Obstruction, Surgery 1:878, 1937. 
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BECK—GASTRODUODENAL OBSTRUCTION 


ETIOLOGY 


Most modern authors feel that the point of obstruction in acute 
gastroduodenal dilatation is in the duodenum. In the postoperative 
patient there may well be an inhibition of gastric peristalsis, and in the 
patient who is an air swallower a certain amount of gastrectasia 
undoubtedly occurs. It is my opinion, however, that the severe symp- 
toms which are associated with the syndrome as commonly described 
are almost invariably due to obstruction in the duodenum. The exact 
site of the obstruction is usually at the point where the superior 
mesenteric artery crosses the duodenum. Albrecht and Glenard have 
demonstrated that normally the duodenum is compressed at this point, 
between the aorta and the mesenteric root. 





Fig. 1—Diagram illustrating the relations between the duodenum and the 
superior mesenteric vessels. Note that the duodenum lies in a crotch formed by 
these vessels and the abdominal aorta. Normally the duodenum is indented at 
this point. Should the vessels be under a direct downward tension, the indentation 
may become a complete compression. 


Predisposing factors include emaciation, ptosis of the viscera, a 
short mesentery, lordosis of the lumbar portion of the spine and col- 
lapsed intestines, such as are seen in wasting disease. A chronic obstruc- 
tion of a mechanical type may be transformed into an acute one, as Kraas 
and I* have pointed out in a previous publication. In 1 of the cases 


8. Kraas, E., and Beck, W. C.: Chronic Duodenal Ileus, Ann. Surg. 99:311, 1934. 
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discussed in this paper, a chronic obstruction remained two months 
after the acute obstruction had abated. 


INCIDENCE 

It is difficult to estimate the incidence of this condition, especially 
in a series of wounded patients. The soldier is usually comparatively 
well nourished, and it is only the severely wounded patient who becomes 
emaciated. Also there are many cases in which the condition probably 
remains unrecognized and is treated as acute intestinal obstruction of 
lesser or minimal degree. 

In civilian life the condition appears to be relatively frequent, if 
one judges from the extensive series collected. Connor," in a series 
of 131 cases, found that in 17 the condition followed trauma, in 71 it 
followed operations, in 43 it occurred during the progress of entirely 
unrelated diseases and in 9 it occurred during convalescence. My 
colleagues and I have observed 4 cases during the last seven months in 
which the conditions were severe enough to cause concern, and probably 
several others of more minor degree have been unrecognized. All our 
patients were bedridden, and all were of the thin asthenic type. Also, 
all had suffered extensive loss of weight as a consequence of their 
wounds. Two of the patients were immobilized on their backs by 
traction, and another was in a hyperextension jacket for a compound 
fracture of a vertebra. 

SYMPTOMS 

The most prominent symptom in our experience has been vomiting. 
This is copious in amount and is associated with nausea but with little 
retching. The fluid comes out frequently and in comparatively small 
amounts, which Kellogg '® described as a “spilling over of a distended 
organ.” The vomitus is bile stained to dark green. If a stomach tube 
is introduced, there will be a remarkably large amount aspirated, usually 
over a liter. Pain, though present in most of our cases, is not a promi- 
nent feature. It is situated in the periumbilical area and does not radiate. 
It is colic-like in character but not severe and not associated with bor- 
borygmic sounds. Hiccup appeared transiently in 1 of our patients. 

The physical findings were few in our patients. The abdomens 
were distended slightly above the xiphopubic level in 2 cases and were 
flat in the others. Abdominal tenderness was entirely absent, or it 
was diffuse and slight. We did not elicit a succussion splash. The 
bowel sounds were infrequent but present and normal in character. A 


9. Connor, L. A.: Acute Dilatation of the Stomach and Its Relation to Mes- 
enteric Obstruction of the Duodenum, Am. J. M. Sc. 133:345, 1907. 

10. Kellogg, E. L.: (a) Acute Gastro-Mesenteric Ileus, Am. J. Surg. 13:227, 
1931; (b) The Duodenum, New York, Paul B. Hoeber, Inc., 1933. 
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wide area of tympany was found on percussion in 1 case, and this 
was associated with a definite reduction in the area of liver dulness. 

The more striking part of the physical examination was the general 
appearance of the patient, which was usually one of pronounced loss 
of weight and emaciation. In 1 of the patients the tongue was red and 
meaty, as in riboflavin deficiency. The patients were not too uncom- 
fortable but were thirsty and apprehensive. 


DIAGNOSIS 


The roentgenogram is diagnostic. A scout film of the abdomen 
reveals pronounced dilatation of the first and second parts of the 
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Fig. 2.—A, scout film of the abdomen in a patient with an acute gastroduodenal 
obstruction. The Levine tube is in the fundus of the stomach. Note the large 
gas shadow in the stomach. Note that there appears to be a second gas shadow 
which, although its contours are continuous with those of the stomach, is separate 
from it. This is a gas-distended duodenum (as proved in figure 2B). B, lateral 
scout film. Note the two large gas shadows. The anterior one is the stomach, 
and the posterior one is the duodenum. This view proves the duodenal site of 
obstruction. The Levine tube appears to project into the duodenum, but this, as 
can be seen on close inspection, is not true. 


duodenum. The anteroposterior roentgenogram should be augmented 
by a lateral roentgenogram. The duodenum lies on a different antero- 
posterior plane than the stomach, and the air dilatation of the duodenum 
then becomes completely visible in the lateral projection. We have 


found this test to be a conclusive one. All the roentgenograms must 
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be taken with the patient recumbent. The search for fluid levels is 
confusing and will contribute nothing to the diagnosis. 

In the postoperative patient and in the patient who has been injured, 
acute intestinal obstruction will enter into the differential diagnosis 
most frequently. This is frequently true in the patient who has been 
operated on for abdominal wounds, for in this patient some degree of 
obstruction of the bowel at some time in his postoperative life is the 
rule rather than the exception. As so many patients respond quickly 
with Wangensteen suction and intravenous administration of crystal- 








Fig. 3.—Gastrointestinal study of the same patient illustrated in figure 2, 


revealing a residual dilatation of the duodenum. This can be classified as a 
chronic duodenal ileus at this time. Although not sufficient time has elapsed 
to determine the permanency of this dilatation, it indicates further follow-up studies. 


loids, the busy surgeon may miss the opportunity of taking a roent- 
genogram and may institute treatment for an obstruction of the bowel. 
This treatment will also benefit and may even cure the arteriomesenteric 
duodenal obstruction, so that the differentiation is not made. 

It has frequently been noted that patients who have suffered a great 
loss of weight and are confined to bed will become nauseated 
and vomit when attempts are being made to replenish their nutritional 
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balance. Certain of these patients are suffering from mild gastro- 
duodenal dilatation. When, indeed, their nutrition is corrected and 
they have gained weight, the duodenal obstruction is overcome and 
they are able to eat without difficulty. Proper recognition of this 
state will enable one, however, to avoid the period of nausea and vomit- 
ing. Peritonitis should be considered in the differential diagnosis in 
the early postoperative cases. In all these states the differential diag- 
nosis is easily established by the use of the abdominal scout film in the 
anteroposterior and lateral projections. 


TREATMENT 

Once the diagnosis has been established, there are three aims to the 
treatment: (1) emptying the stomach and keeping it empty, (2) relieving 
the obstruction of the duodenum and (3) replenishing the lost electro- 
lytes and maintaining the nutrition or correcting the emaciation. The 
first and most important step in the treament in the acute case is to 
completely empty the stomach. This may be difficult to accomplish 
with the use of the simple nasal tubes of the Levine or the Wangen- 
steen type, and one may have to resort to the use of the large caliber 
stomach tube. The comfort, however, achieved by the use of tubes 
of smaller lumens makes these the method of choice, although no 
tube smaller than 16 F. should be employed. The openings in the 
tube should be large and many and the tube of fairly firm consistency. 
I prefer to watch the patient carefully for the first two hours after the 
tube is introduced, and if even for a few minutes there is no motion 
of the stream I insist that the system be irrigated in order to keep 
any obturation from blocking the tube. Once the stomach is empty, 
the tube is left in position, connected to a suction apparatus. At the 
end of twenty-four hours, the tube is clamped for periods starting 
with ten minutes and gradually increasing; each time the amount of 
material which collects in the stomach is observed. At first it will 
be noted that the amounts are rather large. When one discovers after 
a two hour interval that there is but little residue, the obstruction has 
been removed. 

The most important factor in the reduction of the obstruction is 
the maintenance of an empty stomach. The second is the correction 
of the nutritional status of the patient. Certain other methods of 
correcting the arteriomesenteric compression have been described, and 
some may be tried. Kellogg *® suggested the use of an abdominal 
binder tightly applied over a pad situated just above the symphysis 
pubis. I have not found that this gives any startling results, and it is 
uncomfortable to an already much harrassed patient. He further recom- 
mended that the pati€nt assume a knee-chest position, with abdomen 
supported on pillows. This has been impossible in my cases. It is of 
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definite help in the subacute cases and may be helpful in the later stages, 
in which the patient is able to eat. Elevation of the foot of the bed 
appears to be of value. 

The replacement of the electrolytes and the combating of the 
alkalosis are obtained by the accepted methods in use in the treatment 
of obstruction high in the bowel. The epochal work by Haden and 
Orr '' as well as the many writings of Coller and his associates have put 
the fluid and electrolyte replacement technic on a firm basis. Control 
of the situation is checked by studies of chloride and carbon dioxide- 
combining power of the blood. The replacement of the upset nutritional 
balance is far more difficult. Parenteral methods are of comparatively 
little value, for the amount of food so administered is barely enough 
to maintain the daily requirements, to say nothing of the already great 
deficiency of protein and carbohydrate. Therefore, as soon as pos- 
sible, certain concentrates should be permitted by mouth. This may 
best be accompl: shed by the use of either an intragastric drip or gavage 
at intervals through the suction apparatus (which is clamped for varying 
periods after the introduction of food which is largely protein and carbo- 
hydrate). Too much fluid should not be administered with the food, 
just enough to afford a semiliquid consistency which will pass through 
the tube. In this way, only small amounts will be given. The fluid 
balance can be maintained by parenteral means. The protein metab- 
olism may be watched and controlled by the observation of the renal 
nitrogen output. Weak solutions of alcohol are worth while. 

Thus it is observed that the therapeutic methods are all interrelated 
and complementary. The emptying of the stomach to a certain extent 
relieves the obstruction, and the replacement of the nutritional deficiency 
does the same. 

In the cases of milder conditions, in which it is not necessary to 
empty the stomach, the assumption of the knee-chest position and the 
use of small frequent feedings, a continuous drip gavage even being 
resorted to, may benefit the patient to such a degree that in a few days 
he will be able to eat normally. 

Operative intervention, with the performance of a duodenojejunos- 
tomy, is rarely if ever indicated in acute duodenal ileus except in the 
cases described by Ladd, in which a volvulus or congenital bands 
make the operation imperative. 


PROGNOSIS 


In the older literature and indeed until not many years ago, the 
prognosis of acute gastroduodenal obstruction was extremely poor. 

11. Haden, R. L., and Orr, T. G.: The Effect of Inorganic Salts on the Chem- 
ical Changes in the Blood of a Dog After Obstruction o&@ the Duodeum, J. Exper. 
Med. 39:321, 1924. 
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Connor in 1907 reported a mortality of 72 per cent, and Laffer ** in 
1908 reported 63 per cent in 217 cases. At present, the mortality is 
probably so low that the medical student and the intern in recent years 
have probably never heard of the condition which caused their prede- 
cessor generation much fear and worry. The treatment today is, by 
and large, so successful that the didgnosis is missed. Nevertheless, 
the recognition of the fact that the patient has an arteriomesenteric 
obstruction will permit one to effect a more rapid cure and to assure 
the patient that he will not suffer a repetition of the condition, which 
is far more than one can say for obstruction of the bowel caused by 
adhesions. 

On the other hand, there may be the patient who will retain a 
chronic duodenal ileus, and his management will be far better and his 
complaints more readily understood if the surgeon realizes that such 
a patient should have another roentgenogram made at a later date 
for evidences of duodenal dilatation. The percentage of patients in 
whom a chronic duodenal ileus will develop after an acute episode 
is not known. None of the large series reported have any follow-up 
studies. In 1 patient we have observed there was a definite duodenal 
dilatation two months following the original episode. The patient, 
however, had no subjective complaints. Should he later have symp- 
toms, he probably will not give the present acute lesion any thought 
and the past history may not be noted. From 1 of our patients with an 
acute lesion we obtained a history of a previous similar episode when 
he was bedridden for a considerable period with pneumonia. Between 
these episodes he had had chronic gastrointestinal complaints, for which 
he had once been hospitalized, but no diagnosis was established at that 
time. 

Thus it appears that the patient who has had an acute arterio- 
mesenteric duodenal obstruction should be observed and studied when 
he has recovered. It would be wise to instruct him that when he is 
bedridden for any length of time he should warn the physician of this 
experience and thus may be spared a repetition. In 1 of our patients 
after recovery from his acute phase an acute appendicitis developed. 
The possibility of a relapse being realized, he was treated with constant 
intragastric suction for twenty-four hours postoperatively, at which 
time he could sit up with a high back rest. Neither nausea nor vomiting 
developed, and he had an uneventful postoperative course. 


SUMMARY AND CONCLUSIONS 


1. Acute gastroduodenal dilatation is usually due to an obstruction 
of the duodenum by compression of this organ between the superior 


12. Laffer, W. B.: Acute Dilatation of the Stomach and Arteriomesenteric 
Ileus, Ann. Surg. 47:390, 1908. 
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mesenteric artery and the vertebral coliimn and aorta. It occurs in 
the debilitated or emaciated patient who is forced to lie on his back. 


2. The diagnosis is made on the symptoms of continuous copious 
vomiting and is confirmed by the roentgenographic scout film. A 
lateral roentgenogram establishes the diagnosis of the site of the obstruc- 
tion in the duodenum. ; 


3. The treatment is aimed at keeping the stomach empty, relieving 


the obstruction and replenishing the deficiencies in electrolytes and 
nutrition. 


4. Before the patient is discharged from treatment, a careful roent- 


genologic study should be carried out to determine whether a chronic 
duodenal ileus is still present. 














in 


us 


<- 


ng 
nd 


nt- 
nic 











REPAIR OF RUPTURES THROUGH THE LARGER TENDONS 
BY REMOVABLE STAPLE SUTURE 


A Preliminary Report 


HARKISON L. McLAUGHLIN, M.D. 
NEW YORK 


HE use ofa “distant, bolt, retention or staple suture” for decreasing 

tension at the site of a surgical repair is a well established pro- 
cedure. It has been used extensively for prevention of evisceration in 
abdominal wounds by Auchincloss. It has brought operations on 
tendons to peak efficiency in the hands of Bunnell. The latter author 
recently has contributed an additional feature to the suture by making it 
removable even when implanted into a tendon. This feature has increased 
its efficiency and adaptability immeasurably and makes logical his 
suggestion that it be used for repair of the larger tendons. As a 
result of the stimulus of his work, the procedure has been used in the 
fracture clinic of the Presbyterian Hospital in New York for repair 
of achilles, quadriceps and triceps tendons. The results to date compared 
with results of experiences with previous, more orthodox methods of 
repair have proved so satisfactory that a preliminary report is presented 
in the hope that it may stimulate a more widespread use of this efficient 
and adaptable principle. 

Rupture of the larger tendons is neither common nor likely to be 
encountered except in a patient past the age of 45. At earlier ages 
rupture is apt to be incomplete and temporarily amenable to conservative 
therapy. After such an incomplete tear is healed, subsequent function 
of the tendon is accompanied by a constant risk of rupture through 
the remaining intact fibers. Complete rupture requires surgical repair. 
This is true despite the fact that the rupture may result from relatively 
insignificant trauma. The characteristic ease of rupture is usually the 
result of localized weakness in the tendon at the site of a previous 
incomplete rupture, local degenerative change or, more often, both. 


From the fracture service of the Presbyterian Hospital in New York. and 
the Department of Surgery, Columbia University College of Physicians and 
Surgeons. 

1. Auchincloss, H.: Drainage and Wound Closure Technique in Appendicitis 
Operations, Ann. Surg. 116:435-444, (Sept.) 1942. 

2. Bunnell, S.: Surgery of the Hand, Philadelphia, J. B. Lippincott Com- 
pany, 1944. 
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The relative ease and efficiency of early as compared with late 
repair is beyond argument. Even early repair frequently is characterized 
by considerable difficulty, resulting from the pathologic changes pre- 
disposing to rupture. It almost always is apparent that the tear has 
taken place through abnormal tendon tissue, marked by gross degenera- 
tion and fibrillation of the fibers, at times scar tissue replacement of 
previously ruptured fibers and occasionally neoplastic change. The 
surgeon is confronted with a situation in which he is required to join 
two tendon fragments, the apposing ends of which are frayed out into 
strings of friable, avascular and degenerated tissue. Healthy tendon may 
not be encountered for a considerable distance proximal and distal to 
the level of the rupture. Excision of this degenerated tissue is necessary 
before healthy tissues become available for repair. Excision produces 
tension on the suture line in direct proportion to the amount excised. 
Tension reduces local tissue resistance to infection, predisposes to 
disruption of the repair and makes postoperative immobilization, often 
in a poor functional position, almost always imperative. All these factors 
prolong convalescence and tend to detract from the quality of the 
eventual result. 

Late repair is much more difficult. Maximum retraction of the 
proximal fragment is the rule. The retracted position is maintained 
by contracted muscle bellies that have lost their elasticity and become 
adherent to adjoining structures. In addition, the avascular tendon 
fragments curl up and become solidly enmeshed in a mass of scar 
tissue, which requires extensive and at times bloody dissection before 
the ends of the tendon can be mobilized. Apposition of the ends is 
always difficult. At times it is impossible, so that the gap requires 
bridging by fascia. No matter whether direct or fascial repair is carried 
out, immobilization, with all its inherent disadvantages, is usually a 
constant postoperative requirement in the management of old, long- 
standing lesions. 

The general prerequisites for ideal repair of the tendons include (1) 
apposition of healthy to healthy tendon tissue, (2) minimum tension at 
the site of repair, (3) minimum foreign material at the site of healing 
and (4) minimum interference with normal function during the period 
of healing. The first three have to do with the quality of the eventual 
result, and the fourth, more than anything else, governs the speed of 
recovery. Simultaneous attainment of all four requirements has been 
accomplished most nearly by a removable traction suture, used in a 
manner to be described in the following report of cases. 


REPORT OF CASES 


Case 1.—Complete rupture of the patellar tendon (four months’ duration). 
M. O., a 60 year old man, was admitted with a history of misstep and injury 
to his right knee four months before. The knee temporarily was strapped by 
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his family doctor. In spite of this support the patient complained of increasing 
pain and limp, and these symptoms continued until about six weeks prior to admis- 
sion. At that time he slipped on some ice and reinjured the knee. From then 
on he had to use a cane to get around, suffered from a pronounced limp and 
complained of inability to straighten the bent knee against gravity and of inter- 
mittent “buckling” and pain in the joint. 

Examination of the extremity demonstrated. a complete absence of extensor 
power at the knee, although the quadriceps muscles could be felt to contract and 
tug on the patella with attempted extension. These muscles were extremely 
atrophic and atonic. The patella rested at a level 3 inches (7.6 cm.) more 
proximal than that of the normal extremity. A palpable transverse sulcus was 
present between the patella and the tibia. This could be felt to extend through 
the infrapatellar tendon into the adjoining vastus expansions. Passive motion 
at the joint was unlimited. Roentgenograms confirmed the presence of a retracted 
patella but were otherwise normal except for pronounced disuse osteoporosis of 
all the bones. 
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Fig. 1—A, pathologic changes in rupture of the patellar tendon in case 1. 
B, repair of this rupture by removable staple suture. 


A diagnosis of rupture through the patellar tendon and its adjoining capsular 
and tendinous expansions was made and repair advised. From the history, it was 
concluded that the patient had suffered a partial rupture four months previously 
and had completed the lesion at the time of his second mishap. 

At operation, the following pathologic changes were encountered (fig. 1A): 
A complete rupture of the patellar tendon existed. On either side, the tear 
extended through the adjoining vastus expansions as far medially and laterally 
as the level of the collateral ligaments. A hiatus of 5 cm. was present between 
the separated fragments of the tendon. The proximal fragment of the tendon 
was about 2 cm. in length, with its curled up and rounded end completely 
enclosed in an irregular globular mass of scar tissue. The distal fragment was 
similarly enclosed in a cicatrix, with the fat pad firmly attached to its deep surface. 
The torn edges of the vastus lacerations were rounded off and covered by smooth 
adult fibrous tissue. The remaining intra-articular structures were approximately 
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normal except for diffuse thickening, edema and extreme friability of all tissues 
in the neighborhood of the lacerated structures. 

Excellent exposure was obtained through a long median parapatellar approach. 
With the pathologic changes fully exposed and a bone hook placed in the patella 
for traction, considerable force was required to approximate the separated tendon 
ends. After excision of the scarred ends of each fragment at a point indicated 
by the broken line (fig. 14) and mobilization of the proximal fragment by 
excision of the adhesions binding it to surrounding structures, reapproximation 
was fairly easy but maintenance of position still required more force than was 
considered possible and safe by direct suture of the friable ends of the tendon. 
A staple suture of stainless steel wire therefore was placed through the quadriceps 
tendon, just proximal to the patella (fig. 1B). By traction on the free ends 
of this suture, the patella and the proximal fragment of the tendon were pulled 
down to the desired level with relative ease. The ends of the suture were then 
brought out through separate stab wounds and fastened to a rigid pin, which 
had been passed through the tibia just below the distal extremity of the operative 
wound. Pin anchorage of this type was used for a purpose identical to that of 
Bunnell’s buttons. Owing to the considerable force required for maintenance of 
position against a group of muscles as strong as those attached to any of the 
larger tendons, anchorage by button, with pressure on the skin, is not consid- 
ered feasible. 

With the staple suture in place, the freshened ends of the torn fragments lay 
loosely apposed to each other. Six apposition sutures of fine silk were placed 
to insure a snug approximation of the tissues at the site of healing. A removing 
wire was then passed around the proximal extremity of the staple suture and 
brought out through another stab wound (fig. 1B). At this point, with repair 
accomplished and the wound ready for closure, it was noted with satisfaction 
that the total of foreign material at the site of repair consisted of only six fine 
sutures. No foreign material was left in the joint cavity. The staple suture 
lay between subcutaneous tissue and fascia. Gentle attempts at flexion were done 
prior to closure, and it was found impossible to place any significant strain on 
the repair site with flexion to 150 degrees, although this produced considerable 
tension on the staple suture proximal to the patella. The main wound was 
then closed and the stab wounds sutured snugly around the emerging wires. 

The patient was returned to bed and the leg placed in balanced suspension. 
During the first week following operation, it was noted that the patient could 
utilize quadriceps function and hold the leg extended against gravity via the 
staple suture connection between quadriceps tendon and tibial pin. After ten 
days, gravity-free motion was allowed within supervised limits (180 to 150 
degrees). After a few days of this program, it was noted that the tension on 
the staple suture decreased perceptibly. This was considered to be the result 
of gradual return of elasticity in the quadriceps muscle bellies, and the ends 
of the suture therefore were unwound from the transfixion pin and reattached 
more tautly. The wounds healed per primam and with less local reaction than 
wounds of similar nature in past cases. On the twentieth postoperative day a 
plaster encasement was applied to the extended leg from groin to ankle, incor- 
porating the protruding ends of the tibial pin. The patient was discharged, 
walking without other support, on the twenty-eighth postoperative day. It may be 
said that interest and relative uncertainty concerning a patient treated in this 
way for the first time prolonged his hospital stay by a considerably longer time 
than the local condition demanded. 
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After discharge the patient was followed at weekly intervals and found to be 
incapacitated a surprisingly small amount. His locomotion was comfortable and 
adequate enough in amount to warrant expectation of steady rehabilitation of the 
quadriceps muscle. In addition to ordinary walking, a program of quadriceps- 
setting and straight leg—lifting exercises was carried out, and the patient was 
soon able to lift both leg and plaster against gravity with ease. 

Eight weeks following repair, the plaster encasement was removed. No reac- 
tion was present at any of the wire or pin holes. The tibial pin was removed 
and the free ends of the staple suture cut flush with the skin at their point of 
emergence. Traction was then placed on the removing wire, and an error in 
operative technic immediately became apparent. The removing wire had been 
placed around the proximal extremity of the staple suture and its free ends 
brought through the skin without twisting. During its eight weeks’ stay, healing 
tissues had grown into the interval between the two limbs of the suture so that 
it was found impossible to remove it until enough traction was applied to break 
down this impediment. As a result, it subsequently has been considered important 
that the removing wire be twisted as tightly as possible at the time of insertion, 
for prevention of similar difficulties. 

Immediately after removal of the staple suture, the patient was able to, main- 
tain 175 degrees of extension and to flex and extend the leg against gravity 
through an arc between 175 and 125 degrees, with ease and comfort. The quadriceps 
muscles were in good condition. The patient was allowed to walk without any sup- 
port other than a cane. The cane was necessary not because of the knee condition 
per se, but because of generalized mild unsteadiness and signs suggestive of the 
early stages of paralysis agitans.. For a few weeks the patient experienced mild 
local difficulty in going upstairs and downstairs, but six weeks following removal 
of fixation this difficulty had disappeared. At this time he reported ability to 
walk a mile (1.6 Km.) at a time, without trouble; the knee was stable, with full 
passive and an active range of 175 to 70 degrees against gravity, and the patient 
was asymptomatic except for local swelling each evening. When last examined, 
nine months following operation, the knee was objectively and subjectively normal 
as compared with the other leg. 


This case represents the first instance at this clinic in which it 
has been possible to maintain active muscle function, including ambula- 
tion, during almost the entire period of healing following late repair of 
a complete rupture of the patellar tendon and its adjoining aponeuroses. 
The technical details of the repair were simple, and difficulties 
encountered in previous similar lesions were overcome with ease. The 
requirements for ideal repair of the tendon were more nearly attained 
and functional recovery was sooner and to date more complete than by 
any method of repair previously employed. 

Case 2.8—Bilateral rupture of tendo Achillis (five days’ duration). 

A. R., a healthy 49 year old man, had been an athlete and done considerable 
track work as a sprinter while in college. His leg muscles always had been 
better than the average. In 1942 he had been laid up for four days, after having 
had his left calf squeezed between the bumpers of two cars. The diagnosis 


was partial rupture of the gastrocnemius muscle belly. Three days prior to the 
present admission, he sprinted to catch a train. Suddenly, on successive steps, 


3. Case 2 is included in the study through the courtesy of Dr. William Darrach. 
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he felt a sensation of something giving way with an audible snap just above 
either heel.. From that time on he was able barely to hobble around and when 
doing so suffered from a constant sensation of being about to fall forward. 

Examination showed mild swelling and edema distal to the midpoint of both 
calves. Faint ecchymoses were present in the postmalleolar sulci. A palpable 
slightly tender transverse hiatus was present in each achilles tendon, about 3 inches 
(7.6 cm.) proximal to its point of insertion into the os calcis. Contraction of 
the calf muscle accentuated these defects. Little or no power of plantar flexion 
was available at either ankle. The diagnosis of bilateral rupture of the tendo 
Achillis was beyond question. 

The following gross pathologic changes were noted at operation, which was 
carried out within forty-eight hours. A complete rupture of the tendo Achillis 
was present on both sides : on the left 5 cm. and on the right 7 cm. proximal 
to the point of insertion into the os calcis. On both sides there was extreme 
shredding (fig. 2.4) of the tendon, so that the torn area occupied 7 cm. of the 
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Fig. 2.—A, pathologic changes in rupture of achilles tendon in case 2. B, pro- 
cedure in repair of rupture by removable staple suture. 


length of the tendon. On both sides the lacerated tendon was surrounded by 
old blood clot, held in place by the loose areolar tissue. 

Identical -procedures were carried out bilaterally (fig. 2B). A midline incision 
was deepened to expose the pathologic changes of the tendon. A stainless steel 
wire was passed transversely through the tendon at a point 5 cm. proximal to 
the upper margin of the shredded area. A stiff steel pin was passed through 
the os calcis. Traction was then placed on the free ends of the wire and the 
proximal tendon fragment pulled distalward until all retraction had been overcome. 
This was accomplished with ease because of the short duration of the lesions. 
Traction was then released and the ends of the tendon freshened by excision 
of obviously devitalized and avascular portions of the shredded tissues. The free 
ends of the wires were then passed through the subcutaneous tissues and brought 
out through stab wounds on either side of the incision in the skin. Traction 
was reapplied until the ends of the tendon lay in close approximation and the 
ends of the wire twisted around the steel pin (fig. 2B). Dorsiflexion of the 
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foot to 80 degrees was then possible without separation of the unsutured frag- 
ments of the tendon, although considerable tension was noted on the wire staple 
suture. Approximation of the ends of the tendon was insured by several fine silk 
sutures and the main wound closed in layers. 

After operation the patient was allowed to lie in bed without any additional 
support. The emerging wires and pins were kept covered within the one large 
dressing used for the operative incision. Within a few days the patient was 
encouraged to move his ankle joints within pain limits. The wounds were dressed 
and found to be healed per primam on the eleventh day, and the patient was 
allowed home one week later. Walking was not allowed, and during the next 
three and one-half weeks he got around his home by wheel chair. 

Six weeks following repair, the fixation apparatus was removed. Owing to 
an oversight at the time of operation, no removing wires had been inserted. How- 
ever, after removal of the os calcis pins and cutting of the staple sutures where 
they emerged from the skin, both the latter were removed with ease, the transverse 
portion being grasped with a clamp inserted through a 0.5 cm. incision in the 
overlying skin. The patient was allowed to commence ambulation with crutches 
at this time. Two weeks later resisted plantar flexion was strong and without 
pain, the regions of tendon repair felt firm and the patient was allowed gradually 
to resume normal walking. When last examined, six months following operation, 
he complained of no symptoms referable to the tendon repairs and was playing 
18 holes of golf one to three times a week without difficulty. 


It goes without saying that despite the mechanical advantages of 
the repair described in these cases there are also certain disadvantages. 
Some uncertainty was felt concerning the possibility that the proximal 
portion of the staple suture might cut through the tendon when subjected 
to the force exerted by the strong muscles involved. Examination on 
the operating table, with passive strain produced by the surgeon, and 
observation of the postoperative clinical behavior of these patients 
indicated that this danger is unimportant providing that motion of the 
repaired structures is kept within pain limits and the repair protected 
against external forces. For this reason it is not considered advisable 
that the retention suture be woven back and forth through the tendon in 
the manner described by Bunnell. Such may be the procedure of choice 
when fine wire is used for repair of the small tendons. The heavy wire 
required for retention of the larger tendons may present difficulties 
in extraction if woven. 

The one obvious defect in the procedure as described is the risk of 
introducing infection at one of the sites of emerging wires or pin. 
Various ways of decreasing this risk present themselves in the light of 


_ a still small clinical experience and are contemplated for use in subse- 


quent cases. 

The bilateral lesions of the tendo achillis in which the insertion of 
removing wires was overlooked until after the wound was closed 
proved that removing wires were unnecessary. An ordinary clamp 
inserted through a tiny cutaneous incision served the purpose of 
removing the staple suture well, and thereby one potential port of 
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entry for organisms during the healing period was eliminated. Experi- 
ence may prove a small cutaneous nick and the insertion of a clamp 
to be much the safer and wiser method of removing the staple suture. 
If removal is to be done by clamp, however, care must be taken at 
the time of operation to see that the most proximal transverse portion 
of the staple suture lies on the superficial surface of the tendon and 
is available for easy grasp by the removing clamp. It might also be 
advisable to mark the skin at the exact level of this transverse portion 
of the wire prior to closure of the operative wound. Such a mark 
would simplify localization of the suture when the time for its removal 
arrived. 

Elimination of the removing wire leaves four potential ports of 
entry for infection. Two of them are unnecessary. At elbow, knee or 
ankle it is easily possible to thread the ends of the wire through the 
subcutaneous tissue plane so that they emerge from the skin through 
the same stab wound as the transfixion pin. At this point they may 
be twisted around the pin, not only eliminating their previous individual 
points of exit but also insuring that the only two remaining points of 
danger remain a considerable distance from the operative site. If post- 
operative active motion within pain limits is to be allowed following 
repair, as it should be, any reduction in the number of points at which 
the wires emerge through the skin would seem to be of considerable 
import. 


Case 3.—Rupture of the olecranon and triceps tendon (one day's duration). 


M. F., a healthy 14 year old boy, was admitted one hour after sustaining an 
injury to his left elbow. Local examination showed a rapidly increasing area 
of soft swelling in the region of the olecranon, through which it was difficult to 
palpate bony landmarks. There was no history suggestive of reduced dislocation, 
the nerves and circulation distal to the elbow were functionally intact and the 
antecubital fossa showed no evidence of pathologic change. There was complete 
absence of power to extend the elbow against gravity. Roentgenograms confirmed 
the clinical impression of a fractured and retracted olecranon. The proximal 
fragment was seen to be composed of the olecranon epiphysis and a small fragment 
of metaphysis, with about 2.5 cm. of separation from the parent bone. 

Operation was done within a few hours. Examination of the pathologic changes 
revealed a condition illustrated in figure 3A. The small proximal fragment 
of olecranon was retracted about 3 cm. by the main tendon of the triceps. This 
retraction was made possible by a rent through the substance of both triceps 
expansions, extending 3 cm. through the lateral and 2.5 cm. through the medial 
expansion. In the depths of the cavity, the olecranon fossa and the posterior 
articular surface of the humerus were in full view and free from visible evidence 
of damage. 

Reparative sutures were placed in a manner depicted in figure 3.4. Stainless 
steel wire was used for the main retention suture, which was to hold the bone 
fragment.and main body of triceps tendon in place, and fine silk sutures were 
placed mattress fashion in the lacerated tendon expansions. It was then decided 
to try to make the main foreign body (the steel wire) removable. Although 
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removal of such sutures from the region of the olecranon is not commonly 
required, it was considered that providing it could be done safely any reduction 
in the operative procedure necessary for removal would be an advantage. In order 
to accomplish this, the main wire at point a in figure 3B was twisted rather 
than tied. : 

Four twists were taken in the wire and noted on the record for purposes 
that will be apparent at the time of removal. A’ twisted removing wire was 
then placed around the most proximal transverse portion of the wire suture at 
point b (fig. 3B). The ends of both twists were left projecting toward the 
skin, which was closed over them as in figure 3B. After closure of the operative 
incision, the twisted wires, while not projecting, were readily palpable through 
the skin. 

After operation the patient was allowed active motion of the arm. After five 
days a defect in operative technic was discovered, when it became apparent that 
if motion were continued the wire twists might work their way through the skin 
from within. It was obvious that in order to prevent this in future cases the 
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Fig. 3.—A, placement of sutures in repair of the olecranon and the triceps 
tendon (case 3). B, main wire (a) for suture in case 3 is twisted rather than tied. 


A twisted removing wire is placed around the most proximal transverse portion 
of the wire suture (b). 


twisted wire ends would have to be made shorter or bent so that they did not 
actually press against the deep surface of the skin. With such an amendment 
to the procedure as described, it was felt that the patient might have been allowed 
the active motion and use that should mark the postoperative program in all 
such cases. Inasmuch as this particular patient was not an adult it was felt 
that immobilization would do no significant harm, and a molded splint was 
applied to prevent further motion. Sutures were removed on the seventh post- 
operative day, and the wound was found to be clean and healed per primam. The 
patient was allowed home the next day. ’ 
The splint was maintained in place for a month from the time of repair. It was 
then removed, and, with the patient under procaine hydrochloride anesthesia, a 
small nick was made in the skin over each of the palpable wire twists. At twist a 
a clamp was inserted through the cutaneous nick and the wire grasped and 
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untwisted four complete turns (sge operative procedure). Through the other 
cutaneous nick, twist b (fig. 3B) was grasped with another clamp and the 
whole suture removed. The boy went home and returned three days later to 
report that he had been playing baseball. Ten weeks following operation he 
was enjoying full activities, without symptoms of any kind. Examination of func- 
tion revealed a defect of 5 degrees in extension and 10 degrees in flexion, with 
full rotation in both directions. 

As originally stated, the object of this preliminary report 1s to 
substantiate and concur with Dr. Bunnell’s suggestion that distant 
traction suture, as a principle, presents distinct advantages in the 
repair of ruptures of the larger tendons. Many methods for the applica- 
tion of this principle are available. Several have been described, along 
with the easily avoidable technical errors committed in their use for 
the first time in this clinic. This report is not presented for the purpose 
of establishing or even advising the technics used but merely to illustrate 
some of the adaptable features of the principle which make its use in 
many avtilsion lesions of the tendons and bones worthy of consideration. 
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ARLY operative procedures on traumatized major peripheral nerves 

have been made possible during World War II by the improve- 
ment made in management of wounds, which under the present program 
results in more than 90 per cent of soft tissue wounds being well healed 
within three weeks from the time of injury. Scar formation is thus 
materially reduced about the injured nerve. This facilitates exposure, 
aids in the gross interpretation of the pathologic status of the nerve and 
eventually lessens the bed of constricting scar about the suture line. 
Infection is uncommon in the uncomplicated wound, and thus the neces- 
sity for delaying six months or more before repairing the nerve is 
obviated. 

The present method of handling the injured nerve requires close 
cooperation of the forward and the base surgeons, by whom a well 
understood plan must be integrated. Each phase of care of wounds must 
be accurately completed if the next is to be successful. 


DIAGNOSIS 

Each extremity which suffers a soft tissue injury should be examined 
for nerve injuries at the forward hospital before the wound is débrided. 
The operating surgeon should be acquainted with the muscle actions of 
the principle nerves. For example, adduction of the extended thumb 
against the metacarpal-phalangeal region of the index finger and closure 
of the interphalangeal spaces of the fingers are impossible if the ulnar 
nerve is paralyzed ; holding of the extended thumb at right angles to the 
palm in the opponens position cannot be done when the median nerve 
is paralyzed. Wrist drop and inability to abduct and extend the thumb 
on a plane with the palm indicate injury to the radial nerve. Inability 
to dorsiflex the foot and great toe signifies injury to the peroneal nerve, 
while failure to plantar flex the foot and great toe indicates paralysis of 


* Now in private practice at 405 Wainwright Building, Norfolk, Va. 
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the tibial nerve. When the extremity is encased in plaster it is difficult 
to test the motor power of the nerve in question, and if there is exten- 
sive damage to the muscle, injury to the bone or pain the patient may 
be unable to cooperate beyond response to pinprick. Then the sensory 
findings are invaluable and must be mapped out with patience on the 
part of the examiner, particularly for an uncooperative patient. If the 
hand or foot is edematous or cyanotic, the value of sensory changes will 
be materially lessened. This bit of quickly obtainable information is of 
value preceding débridement, for if the nerve is paralyzed an attempt 
should be made to inspect it. 


IDENTIFICATION OF THE LESION 


It is of considerable importance to visualize the entire lesion at the 
time of débridement and to record accurately the type and the extent 
of the lesion. If early operation on the nerve is to be done, it is impor- 
tant to know whether it is severed, bruised, wedged or normal in 
appearance. In the greater number of débridements the injured nerve 
can be inspected without extension of the incision. The surgeon, by 
recording that a nerve has been completely or partially severed or con- 
tused, passes on invaluable information to the person who will later 
perform the definitive repair. For example, one of the most important 
problems in this respect pertains to the contused nerve, in which severe 
intraneural hemorrhage and softening occurs quickly, resulting in the 
formation of “neuroma in continuity.” 

Early exploration of the completely paralyzed nerve which has been 
recorded as being intact is seldom indicated. Time for spontaneous 
recovery should be allowed proportional to the level of the lesion. How- 
ever, if a neuroma is found by palpation or inspection, only excision 
and suture of the nerve will reestablish the pathway. In such a case 
much valuable time would be lost in waiting for spontaneous return of 
function. Exploration should be carried out within two months of the 
time of injury. 

Should proper description of the injured nerve be lacking in the 
initial operative note, the paralyzed nerve should be exposed at the time 
of secondary suture and the type of injury noted, providing this does 
not necessitate extensive dissection. This has now been done in a 
sufficiently large number of cases to indicate that wound healing is not 
retarded or the incidence of infection increased. 


CARE OF THE NERVE AT THE TIME OF WOUND DEBRIDEMENT 


After identification of the severed ends, various types of sutures were 
placed through the ends to bring them into relative approximation, to 
prevent retraction and to fix them into the neighboring tissue for later 
identification purposes. With further experience, it was observed that 
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these sutures increased the amount of fibrosis within nerve ends and 
were of negligible help to the operator in subsequent identification. The 
ends, after being examined, should be placed beneath the proximate 
muscles for protection. If proper splinting is done, there is little retrac- 
tion of the nerve within the four or five weeks prior to neurorrhaphy. 


IMMEDIATE NEURORRHAPHY 


Primary suture of nerves in forward hospitals has not been widely 
practiced, although in two installations a number have been carried out 
successfully. Cases selected have been confined to those of relatively 
small, clean, uncomplicated wounds which could be closed primarily and 
to those in which it has been possible to keep the patient at the same 
hospital for at least ten days. In some instances, only the muscle or 
the fascia was closed over the suture line. The subcutaneous tissue and 
the skin were sutured four or five days later. Complete closure of the 
wound is preferable and can usually be done. During busy periods it 
is unwise to undertake formal suture, because of the time involved both 
for the operator and for the operating room. 

Definitive repair of nerves is most safely done at installations in the 
Zone of Communication or in the United States three to five weeks 
following successful secondary closure. By that time the soft tissue 
wound should be well healed, the edema of the nerve ends should have 
subsided and the general condition of the patient greatly improved. 
Swelling and friability in traumatized nerve ends preclude formal suture 
much earlier than thirty days, even though the wound is cleanly healed 
before that time. ; 

GROSS PATHOLOGIC CHANGES 


When observed at initial débridement several hours following injury, 
nerve ends show little evidence of edema, though there may be moderate 
hemorrhagic discoloration near the ragged ends. At that time the nerve 
retains its elasticity and, though severed without segmental defect, the 
ends may be found 2 or 3 cm. apart. This is an entirely different pic- 
ture from that observed four or five days later, after the reaction to 
injury has become grossly apparent. 

Because of insufficient observations made at the time of the débride- 
ment, more and more nerves have been inspected between the fifth and 
the tenth day following injury. Careful examination of the nerve dis- 
closes pronounced swelling and thickening of the epineurium extending 
for variable distances, with early adhesions to the surrounding tissues. 
Hemorrhagic discoloration is seen beneath the epineural surfaces, though 
there are more dilated epineural vessels than seen initially. Study of 
cross sections shows much less distinct fasciculi, with organizing bits of 
blood clot on the surface. The diameter of the nerve has increased by 
about one half. There is early bulbous swelling which is more pro- 











560 ARCHIVES OF SURGERY 


nounced on the side of the impact. Thus if definitive suture were to be 
done during this period of acute to subacute reaction (which seems to 
last between two and three weeks), there is inability to judge accurately 
the amount of nerve to be sacrificed. 

During the fourth and fifth week after injury, an entirely different 
pathologic picture is presented. Extreme epineural fibrosis has occurred, 
resulting in thickening of the epineurium, sometimes as much as 5 mm., 
which is stuck to but easily separates from the surrounding muscle. 
The epineurium is grayish white, and, except for the main nutrient 
epineural artery, large blood vessels are not conspicuous. <A bulbous 
neuroma is present on the large proximal segment of nerve, and its 
cross sectional surface is dull and gray and lacks the well defined out- 
line of the fascicular bundles. The distal glial-ended segment is much 
smaller and tends to point at its end and become lost in the surround- 
ing new connective tissue. Its epineural thickness is less than that on 
the proximal side, and the whole segment seems to show less reaction. 
Palpation of each segment will now reveal differences in the consistency 
of the normal nerve from that portion involved in scar. In this way 
some indication may be obtained of the extent of the terminal segments 
which will have to be sacrificed. On the other hand, it is necessary to 
resect back until sharp-edged, well rounded glistening fasciculi are 
reached. Definitive suture is much easier and the functional results 
should be better when done during this period. 


MICROSCOPIC CORRELATION 

The gross appearance of the cross-sectioned level interpreted as being 
free of scar and suitable for anastomosis is often belied by the micro- 
scopic sections. 

The epineurium is thickened, and fibrosis is well advanced, contain- 
ing well organized capillary vessels. The perineurium may also be thick, 
and the interneural tissue contains evidence of chronic inflammatory 
reaction in the form of collections of lymphocytes and foreign body giant 
cells. Disorganization of the neural elements within the perineural 
framework is sometimes pronounced. Scattered between well formed 
axons are irregular zones of fibroblastic activity which compress and 
replace the nerve fibers. Hyperplasia of the axons is evident here and 
there. Here also are small collections of lymphocytes and giant cells. 
Figure 1 shows a cross-sectioned level unsuitable for anastomosis, while 
figure 2 shows that all evidence of scar and reaction to trauma has been 
removed, making this level satisfactory for suturing. Reliance on the 
gross appearance of the cross section seems unreliable, as all histo- 
logic evidence of inflammatory reaction and fibrosis should be absent 
at the level of anastomosis. Failure to resect back to such a level must 
certainly account for a substantial number of poor results or failures. 
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Fig. 2.—Photomicrographs of ulnar nerve six weeks after injury, showing 
normal axons and no evidence of scar tissue formation. Hematoxylin and eosin; 
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Though well defined, glistening, oily, white fasciculi are present, final 
decision for sufficient resection should depend on the microscopic appear- 
ance of the cross section. For this reason, facilities have been made 
available in the operating room to prepare frozen sections of fresh tissue 
stained with hematoxylin and eosin. 


TECHNIC 

There should be no variation from well established surgical prin- 
ciples of wound management. In cases in which the major artery of 
an extremity has been ligated and extensive soft tissue damage has 
occurred, thus making circulation dependent on collateral vessels, great 
care must be exercised to sacrifice as few vessels as possible. In 
exceptional instances, it is well to precede the nerve exploration by 
sympathectomy in order to improve circulation. Adequate exposure of 
the nerve above and below the scarred area is imperative, as it is both 
time saving and safer to trace the segments into rather than out of 
the scar. 

Gentle manipulation of the nerve trunk and ends is necessary if 
further damage is to be avoided. Extreme care must be exercised in 
prevention of tension on the suture line to avoid tearing of the epi- 
neurium. Even a small separation of the opposing surfaces may lead 
to fibroblastic invasion of the open space and formation of a neuroma. 
Axonal rotation must be avoided if satisfactory functional results are to 
be obtained. Matching of epineural blood vessels and size or position 
of fasciculi are helpful in prevention of rotation. 

It is never wise to resect remaining conducting fascicles in a wedged 
injury for a more perfect technical-appearing anastomosis. These few 
functioning nerve bundles may figure largely in the end result. A 
so-called lateral or loop-shaped anastomosis (“omega”) should be done, 
the normal portion of the nerve being spared. 

Direct faradic stimulation of the partial or completely intact nerve 
is of considerable help in determination of the conductivity through the 
point of injury. A negative response is unreliable when tested through 
the intact skin. Frequently the nonconducting nerve as determined 
through the skin will cause vigorous muscle contraction when applied 
directly to the nerve. It is needless to say that when there is conduction 
response of a muscle through a neuroma in continuity that nerve should 
be subjected only to neurolysis, even though the clinical examination 
shows complete paralysis. 

Various suture materials have been employed and the reactions 
to tissue studied to discover the one least likely to cause fibrosis. Fine 
black silk is the commonest material selected, because of its ease of 
manipulation, slight reaction to tissue and availability. Cotton and hair 
show increased reaction. Fine tantulum wire is now frequently used 
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where available and is believed by some to have even less reaction 
than black silk. It has some additional advantage of being radio-opaque. 
Thus, if found separated in a functionless nerve the suture line has 
obviously been pulled apart. However, it is more difficult to manipu- 
late, more expensive and not always easily obtainable, factors which limit 
its use. Preparation of the nerve bed is most satisfactory in dry muscle 
tissue free of scar. Tantulum foil cuffs have recently been used to 
wrap loosely about the suture site, with the idea of prevention of the 
ingrowth of fibroblasts. Some months later this material fragments, 
increases fibrosis and is painful if close to movable joints, necessitating 
removal. Absorbable fibrin film has been used in the same manner 
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Fig. 3.—Shortened comminuted fracture of humerus and repair of radial nerve 
four weeks after injury. 


but likewise has caused increased fibrosis and has had to be removed. 
Neither are now recommended by several peripheral nerve centers in the 
United States. 

Length-gaining procedure, such as transplantation of the ulnar to the 
anticubital space, redirection of the radial to the anteriomedial side of 
the humerus and various degrees of joint flexion, are often necessary 
to approximate the ends without tension. From 1 to 3 inches (2.54 to 
7.62 cm.) of the humerus may be removed in a comminuted fracture or 
resected to gain length in a severed major nerve, with little interference 
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with the ultimate power of the arm. Figure 3 illustrates shortening of 
a comminuted fracture of the humerus to gain length for suture of a 
severed radial nerve. Suture of the median and the ulnar nerve has 
also been done in a similarly shortened humerus. Resection of the 
clavicle may be done for length-gaining measures by adduction of the 
shoulder toward the midline when there gre severed components of 
the brachial plexus. Theoretically there is danger of partially avulsing 
the proximal segment from the spinal cord during the period of exten- 
sion if the lesion is high. Later, the date for the beginning of extension 
of the joint must be decided and the effects of this on the proximal 
segment, suture line and distal segment considered. Enough down- 
growing axons should have passed the suture line within three to four 
weeks to be well into the distal segment, making normal extension safe. 
From a right angle, it is probably not advisable to extend the extremity 
fully in less than ten to twelve weeks. 

The length to be gained by stretching depends on the elasticity of 
the nerve, beyond which point damage is done to the axons of the nerve. 
Most stretching occurs in the segment proximal to a joint because of 
fixation of the nerve at the operative field by scar. All joints not 
necessarily immobilized to prevent tension on the suture line should be 
free for exercise during the period of healing. 


NERVE GRAFTS 


Grafting has not been undertaken overseas, since it is difficult to 
obtain autogenous grafts of sufficient size. Homogenous grafts have 
not been considered worth while. Reports in the United States indicate 
that little progress has been made in obtaining functioning grafts. A 
limited number have been reported, all of which have been failures. 
Lack of success is due chiefly to the fibrosis occurring in the center of 
the graft and at the distal suture line. This strangles and arrests any 
axons which have passed the proximal suture line and grown into the 
graft. It should be noted, however, that grafts reported on were homog- 
enous and were made several months after injury to the nerve. As 
related in the literature, grafting should be done much sooner if function 
later is to be possible. 


SPLINTING 


Prolonged fixation of joints results in frozen extremities, which in 
itself defeats any motion which might take place from reinnervation of 
muscle. At first, immobilization appliances should stabilize only the 
joints necessary to prevent harmful stretching of the sutured nerve. 
When used for counteracting muscle pull, the appliance should be light 
weight, elastic, easily removable and of simple design. The patient must 
be properly instructed concerning exercise of the involved extremity both 
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in and out of the splint, for the joints must be kept supple during the 
period of recovery. Radial and peroneal splints are most commonly 
needed, and several simple types are easily made in overseas installations 
(figs. 4, 5 and 6). These are intended only for temporary use; they 





Fig. 4—Temporary splint for paralysis of radial nerve; hand opened and 
closed. 





Fig. 5.—Elastic traction splint on tongue blade beneath toes for paralysis 
of peroneal nerve. 


serve adequately until more refined apparatus can be obtained in the 
Zone of the Interior. It is not necessary to support the extremity when 
the ulnar, the median or the tibial nerve is paralyzed. 
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CAUSALGIA 


Traumatic neuritis terminating in severe causalgia occurs infre- 
quently but when present causes profound mental and physical reactions 
of the patient. This pain occurs most frequently in an incompletely 
severed median or sciatic nerve. Suture of the partially severed nerve 
often causes permanent relief of pain. When direct attack on the 
injured nerve is unsuccessful or inadvisable, further procedures should 
be undertaken without delay, since continued paresthetic discomfort is 
quickly fixed on the thalamic centers. Interruption of the sympathetic 














Fig. 6.—Peroneal brace incorporated in shoe, with rubber tubing maintaining 
elastic support to foot. 


nerve supply to the part by procaine hydrochloride or surgical division 
gives the best results. In delayed causalgic states, only cortical extir- 
pation of the sensory centers may afford relief. Twenty-two patients 
with causalgia were treated by us. There were twelve injuries of the 
sciatic nerve, four of the peroneal nerve, four of the median nerve, two 
of the tibial nerve and one of the brachial plexus. Three patients were 
relieved by injection of procaine hydrochloride into a sympathetic 
nerve and 5 by neurolysis, and 2 had relief after suture of the 
partially divided sciatic nerve. One patient with causalgia of the median 
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nerve and | with causalgia of the bronchial plexus were relieved after 
thoracic sympathectomy. Ten were discharged without operative 
treatment. 
DISCUSSION OF CASES 

Several factors have limited the number of patients who have been 
operated on under the present plan. The rapid turnover of patients 
at an evacuation hospital prevents the holding of them for sufficient 
time for postoperative observation during periods of combat activity. 
Cases of craniospinal lesions of necessity take precedence over cases 
of injury to the peripheral nerve. High plane priority to the Zone of the 
Interior also favors evacuation rather than holding of the patient for 
definitive surgical treatment. 

One of us (D. H. W.), working in an evacuation hospital, observed 
one hundred and forty-three traumatized nerves at the time of initial 


TasBLe 1.—Incidence of Nerve Injury 





Nerve Number of Cases 
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Medial femora! cutaneous 
Musculocutaneous 
Femoral........ 
Axillary....... 


Total... F 179 





wound débridement. Sixty-four per cent of these were either com- 
pletely or partially severed, while 36 per cent showed various degrees 
of damage in continuity. Fifty-two nerves were repaired at the time 
of primary debridement. No infection occurred to interfere with the 
suture line while the patients were under observation. While adequate 
follow-up studies have not been possible, 12 patients have been heard 
from during a period of one year, and all had shown some evidence of 
recovery. 

Two of us (J. L. T. and W. P. R.) have operated on 179 patients 
with nerve injuries in general hospitals. Table 1 shows the distribution 
of the involved nerves. 

In this group there were 70 cases of severed nerves and 109 cases 
in which only neurolysis was required. Twelve neuromas in continuity 
were resected and the nerve resutured. These were included in the 
group of cases of severed nerves. 

The large number of neurolyses done clearly shows the need for 
accurate observation and description of the injured nerve at the time 
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of débridement. The average preoperative interval for this group of 
cases was forty-two days. Only one severe infection occurred; this 
probably resulted in destruction of the suture line. One other super- 
ficial infection healed promptly under penicillin therapy. Chemotherapy 
was not used routinely in these cases. 

A follow-up study has been started by one of us (L. A. F.) ona 
group of 410 patients with nerve lesions. Replies have been received 
from 219, or 53 per cent, of these patients. This includes the patients 
in operative cases (thirty-nine primary sutures and seventy-three neu- 
rolyses) as well as the patients not operated on but discharged to the 
Zone of the Interior or overseas duty because of the nerve palsy. 


Table 2 shows the data on recovery following nerve suture in rela- 
tion to the preoperative interval. Eighteen neurorrhaphies were 


TABLE 2.—Recovery Following Suture 








Beginning Recovery 


Return 
Function; Progressing, 

Preoperative Total Average Average No 
Interval, Wk. Cases Follow-Up Time, Mo. Time, Mo. Recovering Recovery 
Under 3 18 10 6 16 7 3 
3 to 6 8 5 6 l4 4 1 
6 to 12 ll 8 5 18 4 4 
Over 12 2 1 0 1 

39 24 5.7 15 y 





performed within the first three weeks. There were no infections in 
this group. The first sign of returning function appeared on an average 
in six months and was still increasing after sixteen months. Three 
patients had no return after one year or more. Eight sutures were 
performed in the three to six week interval. Here too the first signs 
of recovery were noted in six months, and function was still returning 
on an average after fourteen months. There was no return in 1 patient. 
Eleven neurorrhaphies were done in the six to twelve week interval. 
Here, again, the average period before recovery began was five months, 
and function was still returning on an average of eighteen months later. 
Four patients showed no return of function. Two sutures were per- 
formed after three months; follow-up revealed no return of function in 
1 patient, and we have heard indirectly that there was no return in the 
other. 

The most interesting feature in this group is the fact that as the pre- 
operative interval increased the average time until the first signs of 
recovery or until return was well under way remained unchanged, but 
there was a definite increase in the number that showed no signs of 
return. It took six months on an average before the first signs of 
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recovery were noted. In many patients it could not be accurately 
determined whether or not they were misinterpreting sensory overlap 
with true return of protopathic sensation. Therefore motor recovery 
was Often the criterion. 

Table 3 shows the average number of days required for some return 
of function in patients on whom neurolyses were performed. The shorter 
the preoperative interval, the earlier recovery began and the sooner it 
became complete or nearly so. It is possible that some of the patients 
might have recovered spontaneously. The average period for begin- 
ning recovery was thirty and one-half days and for partial or complete 
recovery was six months. It was noted that sciatic and peroneal nerves 
did not show recovery as soon as others. 

The data in table 3 indicate that in the neurolyses the percentage 


of recovery was also influenced by the preoperative interval. In patients 


TaBLe 3.—Recovery Following Neurolysis 





Partial to 
Beginning Complete 


Return; Recovery; 

Preoperative Total Average Average No 
Interval, Wk. Oases Follow-Up Time, Days Time, Mo. Recovered Recovery 
Under 3 21 12 22 4 ll 1 
3to 6 24 18 32 6 16 2 
6 to 12 13 14 28 7 10 4 
Over 12 15 8 40 7 4 4 

73 52 30.5 6 41 ll 





in whom over three months had elapsed prior to neurolysis, the chance 
of recovery was definitely decreased. Apparently some permanent dam- 
age must have taken place. 


SUMMARY AND CONCLUSIONS 

Formal nerve suture may be done without fear of infection within 
five weeks following injury when the soft tissue wound has been closed 
and has healed promptly. Primary suture is safe at the time of débride- 
ment in the uncomplicated wound. The conditions under which the 
procedure is feasible have been described. The greater number lend 
themselves to repair four to six weeks after successful secondary closure 
of the wound. A limited follow-up study shows that the early repaired 
severed nerves tend to recover earlier and more completely than those 
repaired after three months. 

The most important advance in the field of peripheral nerve surgical 
treatment in this war is early suture of the severed nerve. 
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MORPHOLOGY AND VARIATIONS OF THE 
DUODENAL VASCULATURE 
Relationship to the Problems of Leakage from a Postgastrectomy 
Duodenal Stump, Bleeding Peptic Ulcer and Injury to the 
Common Duct 


ALFRED L. SHAPIRO, M.D. 
AND 


GREGORY L. ROBILLARD, M.D. 
BROOKLYN 


ESPITE its increasing clinical importance, the blood supply of the 

duodenum has as yet been accorded little emphasis by anatomists. 
With a few exceptions, the meager and partially inaccurate descriptions 
in standard surgical and anatomic texts still reflect the teachings of a 
period when detailed consideration of the duodenal vasculature was 
pointedly dismissed as unwarranted because of its presumed surgical 
inaccessibility.' Accurate knowledge of the arterial distribution of the 
duodenum, however, has become significant in the light of the relatively 
recent development of gastroduodenal, common duct and pancreatic 
surgical procedures. Of the several studies published since the turn 
of the century, almost all have been essentially concerned with the 
problem of massive hemorrhage in duodenal ulcer. The present investi- 
gation was initially undertaken to determine primarily the possible 
contributory role of devascularization incident to the usual surgical 
mobilization of the duodenum in dehiscence of the postgastrectomy 
stump but was later expanded to a more general survey of the duodenal 
circulation. 


THE PROBLEM OF POSTGASTRECTOMY DUODENAL LEAKAGE 


As expressed by the majority of writers on the subject,’ the major 
technical difficulty encountered in the procedure of subtotal gastrectomy 
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is the securing of a leakproof closure of the duodenal stump. The 
reported mortality of gastric resection varies roughly from 2 to 30 per 
cent,’ with postoperative duodenal fistula and resultant peritonitis 
reported in most series of cases as the major cause of death.* As stated 
later in this paper, most recent standard texts on operative surgery as 
well as a great number of current articles recommend mobilization 
of several centimeters of duodenum during subtotal gastrectomy as a 
requisite for satisfactory closure of the stump. In several scores of 
descriptions of operative technic, no warning statement was encountered 
concerning the possible dangers of devascularization of the stump in the 
carrying out of the prescribed separation of the segment to be inverted 
from the head of the pancreas. 

Review of the literature on the cause of postoperative duodenal 
fistula elicited numerous other explanations without reference to the 
possibility that ischemic necrosis might be a causative factor. A usual 
assumption is that the digestive, action on surgical gut suture material 
and traumatized tissues of the relatively undiluted secretions poured out 
by the pancreatic and common bile ducts is in large measure responsible 
for most instances. Proponents of clamp methods insist that the 
crushing of the duodenal wall facilitates adequate closure.*” Advocates 
of open methods of stump sealing after duodenal division are critical 
of clamp procedures as productive of devitalization and hence pre- 
disponent to postgastrectomy leakage.** Appraisal of end results, how- 
ever, fails to reveal any statistically significant difference between the 
two technics so far as the incidence of so-called duodenal blow-out is 


concerned. Steinberg ° cited several possible causes of leakage from the 
stump of the duodenum as follows: poorly healing inflammatory tissue of 
the ulcer bed included in the suture line; faulty closure, i. e., failure 
sufficiently to mobilize the anterior wall; devitalization of tissue by 


crushing clamps; action of pancreatic juice escaping from an injured 
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13:741, 1943. 

3. (a) Lake, N. C.: Partial Gastrectomy, Brit. M. J. 2:49, 1937. (b) Still, 
R. J.: Mortality and Later Results of Subtotal Gastrectomy, Lancet 2:1030, 1936. 

4. (a) Berg, A. A.: Mortality and Late Results of Subtotal Gastrectomy, Ann. 
Surg. 92:340, 1930. (b) Clute.2» (c) Colp, R., and others: Subtotal Gastrectomy 
for Duodenal Ulcer, Ann. Surg. 120:170, 1944. (d) Footnote 3. (¢) St. John, 
F. B., and others: A Study of the Results of Surgical Treatment of Peptic Ulcer, 
Ann. Surg. 109:193, 1939. 
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1e pancreatic lobule or the base of the ulcer; ligation of the major arteries, 
er namely, the gastroduodenal, pancreaticoduodenal or right gastroepiploic, 
1s at their points of origin, and ligation of a functioning accessory pan- 
od creatic duct, which blows out with sufficiently accumulated intraductal 
as pressure. It is noteworthy that in his discussion of leakage from the 
mn gastrojejunal anastomosis, however, the first point mentioned is tissue 
a necrosis ®° due to poor blood supply. For some reason, the necessity for 
of painstaking precautions to preserve the mesenteric blood supply of the 
ed jejunoileum and colon has been stressed by surgeons,’ without overt 
he recognition being granted the fact that similar safeguards are as essential 
ed in an operation on the duodenum The concept of the safety factor in 
ligations of the arterial supply of the intestinal wall shovld obviously 
ial be as applicable to this area as to others However, the knowledge, 
he confirmed experimentally by Bernheim,* that the wall of the stomach, 
ial unlike that of the intestine proper, survives major arterial ligations 
ial relatively well because of a rich arterial intramuscular rete seems to 
rut have obscured the fact that immediately past the pylorus one is dealing 
ble with alimentary wall that tolerates ligature ischemia probably even less 
the well than does jejunoileum More extensive consideration of this matter 
tes will be given later. 
cal Horsley ° suggested that an increase in duodenal back pressure 
re- followed the Billroth II type of operation. McNealy *4 amplified 
w- this idea by illustrating how angulation of the jejunal loop immediately 
the proximal to the gastrojejunal anastomotic stoma would lead to closed 
is loop obstruction of the blind duodenal limb and a resultant blow-out. 
the Raffel ° proposed a means of overcoming this, accepting the same causa- 
> of tive mechanism, by intubation of the duodenal loop and the jejunum 
ure simultaneously as a postoperative measure, using a modified bifurcated 
by Levine tube attached to a suction drainage apparatus. Slive and 
weal colleagues ** concurred that increased intraluminal pressure is operative 


in the causation of dehiscence of the duodenal stump. None of the 





my foregoing workers, however, made mention of the possibility that apical 

om ischemic necrosis of the blind loop might lead to leakage through local 
digestant action by the duodenal contents, with minimal or no elevation 

Still, of intraduodenai pressure. Leakage at the gastroduodenal anastomosis, 

936. much commoner than that from gastrojejunal stomas, was, according to 

Ann. Horsley,’ the reason for the abandonment of the Billreth I procedure, 

omy ——— 

‘ohn. ' 7. Aird, I.: Morbid Influences in Intestinal Obstruction and Strangulation, 

‘eer, Ann. Surg. 121:74, 1945. Oppenheimer, M. J., and Mann, F. C.: Intestinal 
Capillary Circulation During Distention, Surgery 13:548, 1943. 

Vv. 8. Bernheim, B. M.: Partial and Total Devascularization of the Stomach, 

Ann. Surg. 96:179, 1932. 

urg., 9. Raffel, W.: New Method for Physiologic Decompression After Gastric 


Operations, Arch. Surg. 42:1083 (June) 1941. 
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and in these circumstances too, without increased back pressure, ischemic 
necrosis might have been the cause. 

The currently most favored procedure for closure of the duodenal 
stump is the Kerr-Parker method or a modification.** Essentially, the 
cut edge of the duodenum has been crushed with a clamp, over which a 
continuous Cushing seromuscular suture inverts the edges, whereupon 
the clamp is withdrawn and the suture pulled taut. This is followed by 
a second and possibly a third reenforcing row of seromuscular sutures. 
Wangensteen '° advocated the sealing of the duodenum initially with a 
von Petz clamp, while Clute* utilized a modified Furness clamp 
for closure. Doyen ** placed a ligature about the site of the clamp and 
inverted the stump with purse string sutures. Von Haberer ** practiced 
open section of the duodenum without clamps, closing with a continuous 
Connell suture and a second row of continuous seromuscular sutures. 
Most surgeons recommend fine chromic surgical gut for the first row, 
using silk for the final row of sutures.’* Review of the recent literature 
reveals that Maingot,*® Orr,’® Cutler and Zollinger,‘* Marshall,** Eliason 
and Stevens,’® Fallis,*° Thorek,* Horsley,® Callander,t Monteiro,”* 
Garacotche,** Lahey,** Spivack,?* Graham,”® Pack and Livingston,” 


10. Wangensteen, O.: Problem of Surgical Arrest of Massive Hemorrhage in 
Duodenal Ulcer, Surgery 8:275, 1940. 


11. Clute, H. M.: Total Gastrectomy for Cancer of the Stomach, in Pack, G. T., 


and Livingston, E. M.: Treatment of Cancer and Allied Diseases, New York, 
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Clute,” Wangensteen,'® Steinberg,® Ogilvie ** and Partipilo *® among 
others have illustrated various clamp technics of closure. Colp,** Berg,*® 
Nissen,*! Rienhoff ** and Kirschner ** are among those who have advo- 
cated nonclamp methods. Irrespective of the ciosing procedure adopted, 
dehiscence of the duodenal stump and fistula are cited as the greatest 
pestoperative hazards and mortality factors by Clute,*” Steinberg,® 
McKittrick and colleagues,** Walters,** Devine,*® Horsley,® Colp,* 
Still,*” Monteiro,** McClure and Fallis,°* St. John and colleagues,* 
Nissen,** Graham,** Berg ** and McNealy.** Mortality rates after gastric 
resection vary from roughly 2 to 30 per cent.** Lake * estimated the 
average death rate at 10 per cent and gave it as his opinion that the 
pronounced variation in reported mortalities of several decades ago in 
several series of cases each exceeding 100 probably represented sampling 
differences in selection of cases. Thus Moynihan’s mortality rates of 
1.9 per cent, over thirty years ago, differed considerably from Finsterer’s 
of 18 per cent, and Balfour’s of 5.2 per cent, whereas all three men were 
eminent and contemporary surgeons.** Such more recently reported 
mortality rates as those of Berg *° (6.9 per cent), McKittrick and col- 
leagues ** (8.1 per cent), Walters ** (1.9 per cent) and McClure * 
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(5.4 per cent) suggest some reduction in over-all mortality but with a 
persistent great variation while comparable procedures are utilized, pre- 
sumably still indicative of basic sampling differences. St. John * esti- 
mated that of operative deaths 37.5 per cent to 68.8 per cent are 
attributable to leakage at the suture line, predominantly of the duodenal 
stump. About 50 per cent of the deaths in McClure’s * series, 30 per 
cent in Hunt’s,** 30 per cent in McKittrick’s,** 20 per cent in Lake’s,™ 
25 per cent in Colp’s,* and 25 per cent in Walters’ ** were due to 
peritonitis secondary to duodenal fistula. Of approximately 100 cases in 
which prophylactic operative drainage of the closed stump was instituted, 
Colp *© reported that biliary discharge occurred in 16. If Lake’s esti- 
mate “* of the average mortality in subtotal gastrectomy as 10 per cent 
is correct and 30 per cent is considered the fraction of deaths due to 
duodenal leakage, then in some 3 per cent of persons subjected to the 
usual technic of subtotal gastrectomy this fatal complication is to be 
expected. Colp* and others interpreted the frequently encountered 
postoperative signs of localized peritonitis of the right upper quadrant, 
with recovery, as likewise due predominantly to insecure closure of the 
duodenal stump, and present figures, notably those quoted on biliary 
drainage from the stump site, that might be construed as an indication of 
some fault in closure in at least 15 per cent of patients. A possible 
significance of these figures in relation to the anatomic configuration 
of the duodenal arteries and the safety factor in ligations of duodenal 
vasa recta will be discussed subsequently. 

Experimental studies using dogs to determine optimum methods for 


38 


closure have been carried out by Perelman ** and Slive, Shock and 
Fogelson.*° The former concluded that the Kerr-Parker clamp method 
gave the best results. The latter workers found, on the other hand, 
that the open method of von-Haberer, using a silk or surgical gut liga- 
ture followed by a silk purse string suture, was most satisfactory. 
Their main criterion was the fact that between the fifth and eighth 
postoperative days, ‘the period of greatest postoperative mortality, the 
duodenal stump showed measurably greater resistance to an induced 
increase in intraluminal pressure. Neither study commented on the 
possibility of stump devascularization as a factor, nor is any statement 
made as to the significance of the difference in duodenal circulation 
between the dog and man, a matter to be elaborated on later. The latter 
authors conceded that anatomic and pathologic considerations may fre- 
quently warrant the choice of the clamp over the open method. 


37. Hunt, C. J.: Radical Resection of Stomach in Cancer, South. M. J. 33:234, 
1940. 

38. Perelman, G. V.: Comparative Value of Various Methods of Treating 
the Duodenal Stump After Gastric Resection, Novy khir. arkhiv. 39:270, 1937. 
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PREVALENT TECHNICS OF DUODENAL MOBILIZATION 
PRIOR TO CLOSURE 


Duodenal mobilization by an incision of the peritoneum lateral to 
the organ and reflection of it medially in the fashion recommended by 
Finsterer *® and used for the Finney *° pyloroplasty is routinely carried 
out by a number of surgeons in the performance of subtotal gastrec- 
tomy of the usual or the Mayo-Polya-Billroth II type, although there 
appears to be some controversy as to its practicability and safety. 
Thus Thorek,?' Devine,** Horsley,® Steinberg® and Maingot?* prac- 
ticed this step, while Nissen *' held that in so doing many retroduodenal 
vascular adhesions have to be divided, thereby endangering the blood 
supply of the posterior wall as well as that of the common duct proper. 
It should be noted, however, that this concept that the posterior duo- 
denal wall is dependent on retroperitoneal bands for its circulation 
appears to receive no confirmation elsewhere. 

Almost universally prescribed, however, is the separation of the 
duodenum for a varying distance of its first and the uppermost portion 
of its second part from the head of the pancreas. This maneuver is 
what is generally meant by “mobilization” of the duodenum in the 
process of gastrectomy. A fairly common recommendation is for the 
freeing of at least 2 or 3 cm. below the applied clamp to facilitate 
inversion. In the usual accompanying illustrations, often accepted as a 
guide, and in practice, at least 3 or 4 cm. or more are more often than 
not so liberated. Our dissections indicate that the stripping of the duo- 
denum in this wise effectively devascularizes it as a rule by the severing 
of several consecutive vasa recta and that unless serosal inversion is 
carried out somewhat beyond the point where the duodenum still remains 
attached to the pancreas and hence with its local circulation intact the 
apical plug of inverted tissue is liable to ischemic necrosis. Consequently 
the directions for the freeing of this duodenal segment, as given by 
several writers, will be reviewed in some detail. 

Thorek *’ stated simply that it.may be necessary to shave off the 
pancreas and pictured what appears to be at least 3 cm. of separated 
stump, judged from the ratio of duodenal cross section to length of 
the stump. Horsley’s ® instructions are to free the duodenum from the 
pancreas by cautery, leaving likewise several centimeters of freed stump. 
Colp * stressed preliminary freeing of “adequate” duodenum from 
pancreas. Monteiro,** utilizing a triple clamp method in an attempt to 
make more certain of duodenal sealing, appears to mobilize more than 
3 cm. of duodenum. Garacotche ** illustrated section and ligation of the 





39. Finsterer, H.: Surgical Treatment of Acute Profuse Gastric Hemorrhages, 
Surg., Gynec. & ODst. 69:291, 1939. 

40. Finney J. M. T., and Hanrahan, E. M., Jr.: Gastric Ulcer, in Lewis, D.: 
Practice of Surgery, Hagerstown, Md., W. F. Prior Company, 1944, vol. 6, chap. 6. 
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arterial rami duodenales of the entire upper third of the descending 
duodenum. Nissen,*' after advising against mobilization of the pos- 
terior wall, stated that “very complete mobilization of the anterior wall is 
essential,” since “tension of sutures may bring on duodenal leakage. 
Before incising into gut proper to expose the ulcer crater, both fore- 
fingers are used for blunt separation of the anterior wall of the duo- 
denum from overlying adhesions and the head of the pancreas, being 
careful that pancreatic tissue should not be damaged in ligating vessels 
adjacent to the lower border of the duodenum.” Graham ** divided the 
peritoneal reflection on the concave and convex aspects of the second 
part of the duodenum, ligated the superior pancreaticoduodenal artery 
as well to permit dissection of the posterior wall below the first part 
of the duodenum and utilized a three clamp technic requiring at least 
3 cm. of freed stump. Clute,*' before application of the Furniss clamp, 
required that “the pylorus and duodenum be separated from the pan- 
creas and fully mobilized.” -ack and Livingston ** illustrated several 
methods of closure, all showing roughly, 3 to 4 cm. of freed stump, and 
advised that the operator “insinuate his fingers behind the duodenum 
and gently separate this structure from the pancreas by blunt dissection.” 
The nutrition of the stump is still insured, in their opinion, by anas- 
tomoses with the inferior pancreaticoduodenal artery, should the supe- 
rior vessel be ligated. Berg ** counseled separation of the duodenum 
from the pancreas and pointed out that during this separation several 
branches of the pancreaticoduodenal artery are usually divided and that 
they must be carefully clamped and ligated, since a “hematoma may 
lead to duodenal fistula.” Wangensteen’s *° illustrations reveal the free- 
ing of apparently 3 to 4 cm. of duodenum from the pancreas, with liga- 
tures on three anterior and three posterior rami duodenales. Lahey ** 
required about an inch (2.5 cm.) of duodenum so as not to invert 
under tension after division between Ochsner clamps. Maingot ** said 
that the pylorus and the first portion of the duodenum are mobilized 
by underrunning the numerous vascular bands and adhesions on the 
superior, inferior and posterior aspects of the bowel. Kirschner ** and 
Partipilo ** dissected the duodenum from the pancreas to a level where 
they warned against cutting the pancreatic ducts. Finney *° illustrated 
ligation and separation of approximately 5 cm. of the medial border of 
the duodenum. Steinberg * diagrammed the freeing of the lateral and 
medial borders of the upper area of the second part of the duodenum 
and, apparently overlooking the fact that they are vasa recta, made the 
statement that “numerous delicate arteries and veins are present which 


41. Clute (footnotes 2 b and 11). 
42. Berg (footnotes 4 @ and 30). 














ding 
pos- 
ll is 
age. 
ore- 
duo- 
eing 
ssels 
| the 
cond 
‘tery 
part 
least 
amp, 
pan- 
veral 
and 
num 
ion.” 
inas- 
supe- 
num 
veral 
that 
may 
free- 
liga- 
ley 24 
nvert 
said 
lized 
1 the 
and 
vhere 
rated 
er of 
| and 
enum 
e the 
vhich 





SHAPIRO-ROBILLARD—DUODENAL VASCULATURE 579 


prove a troublesome source of hemorrhage.” Ogilvie,?* with similar 
explicit disregard for the terminal arterioles to this segment of bowel, 
said that of the “abundant supply of vessels . . . the most trouble- 
some are the group entering it from the pancreas, which must be 
secured by a number of small ligatures before enough of the wall is 
mobilized to allow for safe occlusion or anastomosis.” 

One must note again, therefore, that in no descriptions of technic 
for gastrectomy is the reader cautioned against the freeing of too gen- 
erous a length of duodenum prior to inversion lest its blood supply be 
endangered. Rather, the operator is encouraged to dissect liberally to 
facilitate the mechanics of handling the stump in inversion. Almost all 
writers advocate the burying of the inverted stump against pancreas, a 
stratagem that literally requires that the segment be mobile enough to 
do so. Although it may be the actual practice of individual surgeons 
of experience to guard against devascularization, published teachings 
would not so indicate. Only two casual unpublicized references to this 
matter, neither in an article on subtotal gastrectomy proper, could be 
unearthed by us after diligent search. Wilkie,** referring not to vasa 
recta but to the meagerness of arterial supply in the first part of the 
duodenum receiving the supraduodenal artery, an area as a rule entirely 
excised in subtotal gastrectomies, made this observation: “‘The liability 
of one or more of its leading vessels of supply to the ligatured [a ref- 
erence to major arteries rather than terminal branches] explains the 
danger of leakage from the duodenal stump after the operation [of 
pylorectomy].’” Reinhoff, in the discussion following McKittrick’s 
paper,** came to the guarded conclusion that “sometimes the circulation 
of the stump may be slightly jeopardized due to separation of the intes- 
tine from the head of the pancreas. . . . Mobilization of the duo- 
denum too far down the second portion is thought to be inadvisable, 
because of possible injury to the common duct or interference with the 
circulation of the duodenal stump.” Although no specific reference is 
made. to the configuration and role of the duodenal vasa recta, this sug- 
gestion, appearing while the present work was in progress, was the only 
discoverable published mention of the need for concern over the intrinsic 
circulation of the duodenal stump in gastrectomy. To recapitulate, the 
diverse technics already presented, all calculated to obviate the tremen- 
dous hazard of leakage of the duodenal stump by freeing of the duo- 
denum from the head of the pancreas to simplify inversion, would in so 
doing, in the light of our anatomic findings, at the same time appear 
to devascularize the stump and tend in that manner to defeat their own 
purpose. 


43. Wilkie, D. P. D.: The Blood Supply of the Duodenum with Special 
Reference to the Supraduodenal Artery, Surg., Gynec. & Obst. 13:399, 1911, 
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THE ANATOMY OF THE DUODENAL BLOOD VASCULATURE 
Although studies on gastrectomy and pancreaticoduodenectomy have 

appeared with increasing frequency in the surgical literature of the last 

fifteen years, systematic review of recent standard American and British 


textbooks of anatomy disclosed only partially correct and cursory 
descriptions by all but two of some twenty authorities. In Gray’s,** 


Piersol’s,** Morris’,** Rouviére’s,*? Quain’s ** and Mainland’s ** texts, 
only a single major or anterior pancreaticoduodenal arterial arch is 
mentioned. Similarly, the Sobotta,°® Spalteholz,** Jamieson,®* Warren °* 
and Toldt ** atlases illustrate but one arcade. Among references in sur- 
gical anatomy, Callander * described only one arterial anastomotic circle 
running in the pancreaticoduodenal groove and dismissed it perfunctorily 
as “rarely coming into surgical importance.” McGregor,®® Deaver,*® 
Massie **? and Treves ** devoted only several short sentences to the entire 
intestinal circulation. Among dissector’s handbooks, those of Shearer,°® 
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Heisler *° and Jamieson “' likewise depicted but one major anastomosis. 
Only the Cunningham textbook * and practical manual ** and the Grant 
text “* and atlas © describe the duodenal circulation in any detail and 
in relative accordance with the findings in this and other fairly recent 
reports.°° Moreover, daring the past twenty years only one compre- 
hensive study ** of the blood supply of the duodenum, with findings 

somewhat at variance with our own, has appeared in journals in the 
English language, although several investigations primarily devoted to 

the pancreatic circulation have been published. The following survey 

of the duodenal circulation is drawn from descriptions in accordance 

with our own studies from the several sources quoted as well as from 

our own observations. 
















Dissections were made of 62 bodies, although percentages quoted 
here from our own specimens are generally from a somewhat smaller 
number, since in some dissections only one region under investigation 
was thoroughly worked out. All the bodies were refrigerated; they 
were those of persons who had died less than two days before, and the 
anatomic studies were made in the course of complete necropsy. No 
bodies were included in which pathologic changes or extreme obesity 
existed of such a nature as to obscure the structure of the celiac and 
superior mesenteric trunks or branches. No arterial color mass injec- 
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tate was as a rule utilized in following the course of proximal larger 
vessels. For determination of the detailed distribution of the vasa recta 
to the duodenum, they were often cannulated by means of blunted 
hypodermic needles of small size and injected with india ink from a 
5 cc. syringe. In cases in which anterior and posterior pancreatico- 
duodenal arcades of the usual type were not present, the ligated gastro- 
duodenal and superior mesenteric arteries were injected at their origins 
to allow contrast filling of the replacing vessels and facilitate their study. 
Unless otherwise specified, percentages stated are derived from this 
series of cases. Corroborative or explanatory references are indicated 
most often by number alone. 

A. Arteries to the First Part of the Duodenum.—Wilkie * first defin- 
itively described the supraduodenal artery, usually stemming from the 
gastroduodenal or hepatic arteries, as the source of supply to roughly 
the upper two thirds of the anterior and one third of the posterior wall 
of the first part of the duodenum. He noted also that the upper part of 
the first 4% inch (1.2 cm.) of the duodenum is supplied in about 50 per 
cent of cases by branches from the pyloric or right gastric artery. In 
most instances, as in our material, the supraduodenal artery is extremely 
narrow and would not appear to be the source of profuse hemorrhage 
in ulcer of the posterior duodenal wall, particularly since the larger 
branches pass anteriorly. Moreover, in our and others’ *® material it 
is absent in a large minority if not the majority of cases. Recurrent 
branches from the right gastroepiploic or superior pancreaticoduodenal 
arteries supply the lower anterior part of the first inch (2.5 cm.) of the 
duodenum, the retroduodenal branches from the gastroduodenal artery 
supplying the posterior part. The supraduodenal artery is practically 
an end artery, and the anterior duodenal anemic spot of Mayo,*® seen 
when the hepatoduodenal ligament is tensed, corresponds to the center 
of this relatively poorly supplied area. This deficient vascularity has 
been proposed by Wilkie ** and Reeves ** as a factor in the formation 
and chronicity of ulcus. 

The supraduodenal artery could be identified and traced in some 
70 per cent of the bodies in this series, as compared with one third of 
Thompson’s ** and 20 per cent of Browne’s ** series, and coursed 
anterior to or to the left of the common bile duct in the hepatoduodenal 
ligament. As recently emphasized by Browne ** and others, this artery 
proves a frequent source of bleeding in choledochostomy and may be 


68. Wilkie, D. P. D.: Some Functions and Surgical Uses of the Omentum, 
Brit. M. J. 2:1103, 1911. 

69. (a) Thompson, J. M.: Arteries in Hepatic Pedicle, Univ. California Publ., 
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70. Mayo, W. J.: Anaemic Spot on the Duodenum, Surg., Gynec. & Obst. 
6:600, 1908. 
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injured when the common duct is exposed and incised. If, however, 
damage to this vessel is a major factor in the development of duodenal 
ulcer, as postulated by several authors, operative procedures on the 
supraduodenal portion of the common bile duct should frequently be 
followed by this complication. Figures on the actual incidence of peptic 
ulcer following such operations are not ‘available in the literature, but 
it is our clinical judgment that postoperative results do not bear out 
this premise. In our material the origins of the supraduodenal artery 
were gastroduodenal artery in 60 per cent, common or right or left 
hepatic artery in 25 per cent, right gastric artery in 12 per cent, supe- 
rior pancreaticoduodenal artery in 6 per cent, cystic artery in 3 per cent 
and hepaticogastroduodenal anastomosis in 3 per cent. In cases in which 
the supraduodenal artery was of negligible size or could not be demon- 
strated there were multiple retroduodenal branches of the gastroduo- 
denal artery and the right gastric artery generally contributed larger 
twigs than usual to the upper part of the first 1% inches (3.7 cm.) of 
the duodenum, or the recurrent branches from the right gastroepiploic 





Fig. 1.—A, arteries to the first part of the duodenum, and B, usual distribution 
in absence of supraduodenal artery. G.D.A. indicates the gastroduodenal artery ; 
S.D.A. the supraduodenal artery; R.G.A., the right gastric artery; R.GE.A., the 
right gastroepiploic artery, and S.PD.A4A., the superior pancreaticoduodenal arteries. 


artery, coming from below, almost encircled the duodenum instead of 
terminating in its lower half. 


B. Arteries to the Second and Third Parts of the Duodenum.—The 
anterior and posterior pancreaticoduodenal arches are the major sources 
of arterial supply to the second and third parts of the duodenum ™ and 
were present as such in 75 per cent of our dissections. These arches 
represent an anastomatic junction between the celiac axis and the supe- 
rior mesenteric artery. Stemming superiorly from the anterior and 
posterior pancreaticoduodenal branches, which generally originate sepa- 
rately, of the gastroduodenal artery and below as a rule from the 
anterior and posterior branches of a single inferior pancreaticoduodenal 


branch from the superior mesenteric artery, the arcades from their con- 


71. Kellogg, E. L.: The Duodenum, New York, Paul B. Hoeber, Inc., 1933. 
Pierson.®*¢ Petrén.6°4 Wilmer,®? 





584 ARCHIVES OF SURGERY 


vexity give off the rami duodenales and from their concavity the pan- 
creatic branches. The latter act as guy ropes, securely fastening the 
arches to the head of the pancreas. The posterior arches are more apt 
to develop secondary or tertiary arcades before giving off the vasa recta. 
Much the same as with the marginal arterial arcade of the colon, these 
anastomoses lie at a variable distance, that is, from 15 mm. to 6.5 cm. 
from the medial border of the duodenum, with consequent variation in 
the length of the duodenal vasa recta. In the majority of cases, how- 
ever, the distance was 3.5 cm. or less. The pancreaticoduodenal arcades 
may thus encircle the head of the pancreas or lie close to the pancreatico- 
duodenal groove. The upper two thirds of the anterior and posterior 
divisions need not be similarly placed with respect to the duodenum 
and the pancreas. The anterior arch in its lower third descends to the 
pancreaticoduodenal groove in about 60 per cent of cases‘? and the 
posterior in only 5 per cent. The vasa recta, before reaching the duo- 
denum, may exhibit a moderate curve but, unlike the arcades proper, 
are never tortuous and are usually closely applied to the head of the 
pancreas as they cross it, almost as though that organ had expanded 
within the arcades and its branches, putting them on the stretch. Con- 
sequently, in an attempt to separate the duodenum from the pancreas, 
the small straight branches are immediately tensed and, no give being 
allowed, usually tear across readily, even with a centimeter of separation. 
Occasionally the anterior or posterior arches and a variable length of 
the rami duodenales are partly buried within pancreatic tissue or over- 
laid by a projecting fold of pancreas in the pancreaticoduodenal groove, 
making separation even more difficult. The lowermost part of the ante- 
rior arcade, as might be expected, most commonly burrows into pan- 
creatic tissue, since the inferior pancreaticoduodenal artery springs 
usually from a point on the superior mesenteric artery posterior to the 
pancreatic neck.*® 

In 25 per cent of our specimens, a complete arterial circle was 
lacking. In 14 per cent of the bodies examined, the inferior pancreatico- 
duodenal artery, less constant than the superior in its course, did not 
meet the anterior superior pancreaticoduodenal artery in an anastomosis 
of any size but broke up into numerous branches, some entering the 
pancreas and others supplying primarily the third part of the duodenum. 
In several of these cases, however, the posterior arcade was more com- 
pletely developed. In 6 per cent of cases a direct anastomotic trunk 
was replaced by a series of arcades resembling those of the mesenteric 
circulation, both anteriorly and posteriorly in most, from the terminal 
loops of which originated the vasa recta to the duodenum, with pan- 


72. Piersol.*5 Petrén.®64 


73. (a) Ziegler, H. R.: Excision of the Head of the Pancreas for Carcinoma, 
Surg., Gynec. & Obst. 74:137, 1942. (b) Pierson.®® 
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creatic branches stemming from the primary and other loops. Wilmer * 
described as a relatively constant structure, on the apparent basis of 
only a few specimens, a gastroduodenal plexus of relatively large 
arteries. These, he stated, form an additional two separate arcades, 
each arising from the gastroduodenal and superior mesenteric arteries 
respectively, and lie posterior to the duodenum, with liberal intercom- 
munications between the two. In our material, this plexus could not be 
clearly demonstrated as such. Wilmer ®* advanced the opinion that this 
arterial plexus was frequently involved in the massive hemorrhage of 
duodenal ulcer. With this in mind, we made a particular effort to find 
such a plexus of vessels of large caliber behind that portion of the first 
described part of the duodenum corresponding to the “bulb,” or cap, 
the prevalent site, according to pathologic descriptions, of bleeding 
duodenal ulceration. It was only in the few instances in which both 
pancreaticoduodenal arches coursed mainly in the pancreaticoduodenal 
grooves that a plexus of vessels of notable size was found closely 
approximated to the posteromedial duodenum, and there only in its 
second part. In these cases, numerous good-sized anastomoses between 
the anterior and posterior arches were often but not invariably present. 
In only 5 per cent of our dissections a true third pancreaticoduodenal 
arcade could be found in the groove medial to the second part of 
duodenum in addition to the usual anterior and posterior arches 
encircling the head of the pancreas. In a review of the autopsy records 
of several cases of fatal hemorrhage from duodenal ulcer, the often 
reiterated fact that the gastroduodenal or the superior pancreatico- 
duodenal artery was eroded ** and projected into the ulcer bases was 
confirmed by us. Wilmer’s ® studies were based on an _ injection- 
corrosion technic, so the possibility exists that the anastomoses of 
large caliber referred to might be intramural. The usual absence of 
extensive intramural duodenal arterial anastomoses is, however, pointed 
out by us and other observers.** It is perhaps noteworthy that in 
several articles on the pancreatic circulations other authors *® cited 
Wilmer’s findings without giving any descriptive confirmation in 
presenting their own. 

74. (a) Boyd, W. B.: Surgical Pathology, Philadelphia, W. B. Saunders 
Company, 1942. (b) Eliason, E. L., and Johnson, J.: Surgical Aspects of Gastro- 
intestinal Hemorrhage, Proc. Interst. Postgrad. M. A. North America (1940), 
1941, pp. 312-318. (c) Finsterer.29 (d) Nissen.*! (e¢) Thorstad, M. J.: Problem 
of Bleeding Peptic Ulcer, Surgery 12:964, 1942. (f) Wangensteen.!° 

75. (a) Cokkinis, A. J.: Observations on the Mesenteric Circulation, J. Anat. 


64:200, 1930. (b) Eisberg, H. B.: Intestinal Arteries, Anat. Rec. 28:227, 1924. 


76. Portis, S. A.: Diseases of the Digestive System, Philadelphia, Lea & 
Febiger, 1944. Ziegler.74 
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C. Arteries to the Fourth Part of the Duodenum.—The superior 
mesenteric artery, the inferior pancreaticoduodenal artery and the first 
jejunal artery generally contribute twigs to the fourth part of the 
‘duodenum. The duodenojejunal flexure itself likewise receives twigs 
from at least two of these three sources. Pierson °° found that the first 





Fig. 2—The peripancreatic pancreaticoduodenal arterial arcade. This was 
present in about 75 per cent of the cases. G.D.A. indicates the gastroduodenal 
artery; R.G.E.A., the right gastroepiploic artery; P.PD.A., the posterior pan- 
creaticoduodenal artery; 4.PD.A., the anterior pancreaticoduodenal artery; 
I.PD.A., the inferior pancreaticoduodenal artery; S.M.A., the superior mesenteric 
artery; 4./’.K., the anterior vasa recta, and P.)’.R., the posterior vasa recta. 





Fig. 3—Common variants in pancreaticoduodenal arterial circulation. A, 
anterior arcade partly complete, with inferior pancreaticoduodenal and postero- 
pancreatic arteries branching (present in about 15 per cent of the cases). B, 
mesenteric arcade and branching pattern (present to some extent in 10 per cent 
of the cases). G.D.A. indicates the gastroduodenal artery; A.S.PD.A., the anterior 
superior pancreaticoduodenal artery; P.S.PD.A., the posterior superior pancreatico- 
duodenal artery; R.G.E.A., the right gastroepiploic artery; /.PD.AA., the inferior 
pancreaticoduodenal artery, and S.M.A., the superior mesenteric artery. 
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jejunal artery made only a minor contribution and suggested excision 
of the proximal 1 or 2 inches (2.5 to 5 cm.) of the jejunum when the 
other branches are destroyed. In over half of our cases, however, the 
twigs from the first intestinal and superior mesenteric arteries seemed 
to be of fair size. In 5 specimens, there was a short trunk, giving 
off equal-sized duodenal and jejunal branches; in other words, a 
duodenojejunal first intestinal artery was present. 

D. The Arteries of Origin of the Pancreaticoduodenal Arcades.—The 
gastroduodenal artery descends medial or anterior to the lower common 
duct behind the first part of the duodenum and at its inferior border 
divides into the inferior gastroepiploic and anterior superior pancreatico- 
duodenal arteries. During this course it gives off the supraduodenal, 
posterior and superior pancreatic duodenal, retroduodenal and pancre- 
atic branches and occasionally the supraduodenal artery. In 2 cases 
a cystic, in 1 an accessory and in 2 a replacing right hepatic artery 
came from the gastroduodenal artery, a not uncommon finding. The 











itl 
mB PAP. VATER 


Fig. 4.—A, arteries to the fourth part of the duodenum. /.P?D.A. indicates the 
inferior pancreaticoduodenal artery; DUOD. JEJ. F., the duodenojejunal flexure ; 
S.M.A., the superior mesenteric artery; Jst /.A., the first intestinal artery; /.AA., 
the intestinal arteries, and 1/.C.A., the middle colic artery. B, looping of posterior 
superior pancreaticoduodenal artery about common bile duct. C.B.D. indicates the 
common bile duct; GD.A., the gastroduodenal artery; PANCR.D., the pancreatic 
duct, and PAP. V ATER, the papilla of Vater. 


gastroduodenal artery is a fairly constant trunk ““* and is almost always 
a branch of the common hepatic artery or, as in 4 specimens, of the 
right or left hepatic arteries near their origin. Browne ““* pointed out 
that there is never duplication of this trunk. Del Campo ™ stated that 
it may rarely arise from the superior mesenteric or celiac arteries or 
have a double origin. It is of somewhat narrower caliber than the right 
gastroepiploic artery. In 1 case the inferior pancreaticoduodenal replaced 
an absent gastroduodenal artery. In 2 instances of our series it arose 
directly from the celiac axis,* and in 1 case the hepatic artery came 
from the superior mesenteric artery, which had a common trunk or 


77. Del Campo, J. C.: Circulacién del duodeno, An. de Fac. de méd 
Montevideo 12:404, 1927. 


78. Eaton, J.: Celiac Axis, Anat. Rec. 13:423, 1917. 
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origin with the celiac arterial axis *® and gave off a short, retroduodenally 
situated gastroduodenal artery. Lipschutz *° reported this anomaly of 
a common origin of the superior mesenteric and celiac axes as normal 
in certain lower mammals and occurring in about 2.5 per cent of human 
beings. In 1 case the main and in 1 other an accessory middle colic 
artery, with both from celiomesenteric axes, came from the gastroduo- 
denal artery, an infrequent but probably not rare anomaly that has also 
been described by Ziegler.*** Pierson °° described an instance of a 
middle colic artery originating from the superior pancreatic artery. 
The operative complication of ischemic necrosis of the transverse colon, 
which has been reported occasionally to follow gastrectomy,*** may thus 
in some cases be due to an anomalous origin of the middle colic artery 
from a ligated gastroduodenal artery rather than to secondary injury 
of a normal middle colic artery lying close to the right gastroepiploic 
artery in its passage adjacent to the duodenal artery during ligation of 
the latter vessel. The following developmental mechanism is postulated to 
account for the occurrence of this atypical condition. The frequent 
embryologic existence in the primitive vascular bed of anastomotic 
channels between main arterial branches near their origin from a 
common trunk is well recognized. The paraduodenal arterial anastomosis 
between the superior and inferior mesenteric arteries reported in one 
third of the bodies *' can be considered as an example of the persistence 
of such an arch. With the anomoly of a celiomesenteric axis,*° such 
anastomoses between colic and duodenal circulations are thus under- 
standable. The majority of such channels become obliterated as develop- 
ment proceeds, but that is not always the case, as borne out by the 
presence of a gastroduodenal hepatic anastomotic trunk in 6 per cent 
of the bodies. In an infrequent instance the primary segment of origin 
of a branch may in some way become occluded, and in such a case a 
persistent anastomotic arch would provide an anomalous origin, 1.e., 
a middle colic from a superior pancreatic or a gastroduodenal artery. 
Similarly, the commoner occurrence (15 per cent) of a middle colic 
artery originating from an inferior pancreaticoduodenal vessel or vice 
versa may be explained. Steward and Rankin ** dismissed the observa- 





79. Fetterolf, G.: Variations in the Arteries of the Human Body, Univ. 
Pennsylvania M. Bull. 21:323, 1908-1909. 

80. Lipschutz, B.: A Composite Study of the Coeliac Axis, Ann. Surg. 
65:213, 1917. 

80a. Yovanovitch, B. Y.: Le probléme chirurgical de la blessure de l’artére 
colique moyenne au cours des opérations sur l’estomac, Progrés méd., 1938, p. 1285. 

81. do Carmo Russo, A.: Sobre o “arco vascular de Treitz” e a anastomose 
paraduodenal entre as duas arterias mesentericas, An. Fac. de med. da Univ. 
de Sao Paulo 17:105, 1941. 

82. Steward, J. A., and Rankin, F. W.: Blood Supply of the Large Intestine, 
Arch. Surg. 26:843 (May) 1933. 
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tion of Wilson *" of a single case of a middle colic artery originating 
from a hepatic artery as embryologically unsound. However, they cited 
no variant origins of the gastroduodenal superior mesenteric or inferior 
pancreaticoduodenal arteries, frequently noted by us and others, in their 
dissections of the middle colic vessels. It is noteworthy that the splenic 
artery gives no branches to the duodenum or head of the pancreas, even 
atypically, a finding confirmed by several observers. 

The anterior superior pancreaticoduodenal artery was present in 
all cases but 1, in which it was replaced by large branches from the 
inferior pancreaticoduodenal artery and came off the gastroduodenal 
artery just above the lower wall of the first part of the duodenum. 

The posterior superior pancreaticoduodenal artery generally origi- 
nates from the right dorsal side of the gastroduodenal artery and in 
75 per cent of the cases as it descends crosses anteriorly to the right 
of the retroduodenal common bile duct, curves round it and, crossing 
it dorsal to its intrapancreatic portion, descends toward the left, thus 
usually forming an arterial hook around the duct,®* 4 contributing to 
it several small branches at the same time.**¢ One or more of these 
twigs extend along the common duct and may form an accessory 
cystic duct.** Injury to these vessels may lead to localized ischemic 
injury or necrosis of the common bile duct. It is now well appreciated 
that in roughly 15 per cent of cases the right hepatic artery crosses the 
cystic duct or neck of the gallbladder.** A matter not so generally 
known, however, is that in some 10 per cent of persons the normal 
common hepatic artery comes within 1.5 cm. of the superior duodenal 
border or that an anomalous accessory or replacing right hepatic artery 
in another 10 per cent passes behind the duodenum and might be 
injured in a careless mobilization of the duodenal stump. In a small 
percentage of cases, the supraduodenal or, more often, replacing arteries 
to the first part of the duodenum stem from the superior pancreatico- 
duodenal arteries. The superior pancreaticoduodenal may arise from the 
hepatic artery.” 

The inferior pancreaticoduodenal arteries arise in a common trunk 
in 70 per cent of cases, generally from the posterior aspect of the superior 
mesenteric arteries, usually above the lower border of the neck of the 


83. Del Campo.77 Pierson.®¢¢ 

84. Branco, D. R.: Tonic coeliaque et ses branches de l’artére hépatique, Paris, 
G. Steinheil, 1912. Browne.*6® Brewer, G. E.: Some Observations upon the 
Surgical Anatomy of the Gall Bladder and Ducts, in Contributions to the Science 
of Medicine, Dedicated by His Pupils to William Henry Welch on the Twenty- 
Fifth Anniversary of His Doctorate, Baltimore, Johns Hopkins Press, 1900. Flint, 
E. R.: Abnormalities of the Right Hepatic, Cystic and Gastroduodenal Arteries 
and of Bile Ducts, Brit. J. Surg. 10:509, 1923. Landner, H.; Lyman, R. Y., and 
Anson, B. J.: An Anatomical Consideration of the Structures in the Hepatic 
Pedicle, Quart. Bull. Northwestern Univ. M. School 15:103, 1941. 
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pancreas but occasionally from a high retropancreatic position, render- 
ing ligation difficult early in pancreatectomy.*® In 20 per cent the 
first intestinal or jejunal arteries are the source in a common duodeno- 
jejunal trunk, a finding reported also by Ramodnowskaja.** In 12 per 
cent the middle colic artery may come off the inferior pancreaticoduo- 
denal artery or provide its origin, since the two may have a common 
trunk. Despite the fact that the inferior pancreaticoduodenal arteries 





Fig. 5.—Origins of the pancreaticoduodenal arcades. A, usual origins. 8, 
common variant (about 15 per cent). C, unusual anomaly. H.AA. indicates the 
hepatic arteries; R.G.A., the right gastric artery; C.H.A., the common hepatic 
artery; G.D.A., the gastroduodenal artery; R.G.E.A., the right gastroepiploic 
artery; A.S.PD.A., and P.S.PD.A., the anterior and posterior superior pancreatico- 
duodenal arteries; /.PD.A., the inferior pancreaticoduodenal artery; S.M.A., the 
superior mesenteric artery; M.C.A., the middle colic artery; /.A.A., the intestinal 
arteries; COEL. MES. AXIS, the celiacomesenteric axis; SPL.A., the splenic 
artery, and L.H.A., the left hepatic artery. 


are reported as less constant than the superior,’** they were present in 
all our cases, although, as already mentioned, in 14 per cent they 
branched in multiple fashion, without entering into arcade formation. 


85. Brunschwig, A.: Surgery of Pancreatic Tumors, St. Louis, C. V. Mosby 
Company, 1942. Ziegler.7%4 
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It should be noted, as illustrated in the accompanying schematic 
diagram, that the vascular relationships of the duodenum are such that 
injury to the normal or anomalous hepatic, middle colic, superior 
mesenteric or gastroduodenal arteries, the portal vein or the common 
bile or pancreatic ducts should be guarded against in mobilization of 
the duodenum, particularly in cases of difficult operation. 


E:. Configuration of the Vasa Recta at the Region of the Duodenal 
Stump.—The rami duodenales supplying the portion adjacent to and 
including the flexure between the first and second parts of the duodenum 
present pronounced configurational variations. The commoner patterns 
encountered and their approximate percentage of occurrence are here 
noted. The commonest is an arrangement of roughly parallel rami, 
brancheg of the upper parts of anterior and posterior pancreaticoduodenal 
arcades alternating singly or in pairs, spaced an average of 1.5 cm 








COMMON BILE DUCT 


ANOVALOUS G. D. A. 


REPATIC ARTERY~ 


Fig. 6.—Schematic illustration of major structures to be avoided in duodenal 
stump mobilization. G.D.A. indicates the gastroduodenal artery; V’V’., vessels, 
and PANCREATIC DD., the pancreatic ducts. 


apart. In about 25 per cent of cases, the extrinsic branches are spaced 
2to3cm. or more apart but branch just before reaching the duodenum. 
In one sixth of the cases the intestinal arteries to the duodenum are 
represented by four or more somewhat larger twigs, which sweep 
across the duodenum nearer its pancreatic border and provide vascularity 
for some 7 to 9 cm. of duodenum. This last pattern has been illustrated 
without textual comment by Pierson,®*® Petrén,®“ Grant** and Reeves.* 
As can readily be seen from the illustrative sketches, laceration of 
the vasa recta in cases in which it is sparsely distributed, in separation 
of duodenum from pancreas, would lead to a greater degree of ischemia 
than usual and is apt to be followed by extensive necrosis of the stump. 
As mentioned elsewhere, identical technics of handling the duodenal 
stump might thus lead to blow-out in just the cases in which the 
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arterial configuration was such that relatively little dissection in the 
pancreaticoduodenal groove would devascularize 3 cm. or more of 
retained duodenum or in which so long a segment of duodenum with 
normal vasa recta distribution is separated from pancreas that 3 to 5 
cm. sustains laceration of arterial branches. 

F’. Arterial Relationships and Supply of the Common Bile Duct and 
Their Surgical Significance —The intrinsic arterial blood supply of 
the ductus choledochus proper has received scant attention and that 
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Fig. 7.—Variations in configuration of the vasa recta at the region of the 
duodenal stump. A, usual pattern. 3B, widely spaced “blow-out” pattern. C, 
devascularization of duodenal segment by avulsion of rami duodenales in separation 
of duodenum from head of pancreas. D, extent of devascularized duodenal stump 
susceptible to ischemic necrosis resulting in many commonly adopted procedures 
for gastrectomy. 


primarily in the foreign literature. Resurgence of interest in such 
surgical procedures as plastic operations on the common duct and 
duodenopancreatectomy for carcinoma of the ampulla and head of the 
pancreas requires a somewhat detailed knowledge of the small arteries 
to this structure. No description at all of the arterial sources of supply 
to the common bile duct could be found in the twenty odd standard 
reference manuals of anatomy and surgical anatomy referred to several 
times previously. 

The retroduodenal portion of the common duct usually receives 
three to five minute twigs from the superior posterior pancreaticoduo- 
denal artery as it loops around the common duct. Except for one 
branch or occasionally two, these usually enter the wall of the duct 
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after a short external course. The remaining twig or twigs ascend 
along the medial border or to either side of the duct, in some instances 
terminating as an accessory cystic artery. The supraduodenal artery 
in two of the few instances in which it was a relatively large vessel 
gave a discernible branch to the lower part of the common duct, but 
here the unusually large supraduodenal artery notably overlapped the 
region of duodenum usually supplied by the superior pancreaticoduo- 
denal arteries. The right hepatic artery contributes several small branches 
to the central and upper sections *® of the ductus choledochus with 
relative constancy, and the gastroduodenal artery contributes to the 
lower third. The cystic arteries likewise send minute vessels to the 





Fig. 8.—Sketch of the most frequent arterial twigs to ductus choledochus. 
Crossed circles indicate the sites of possible avulsion of end arteries in manipulations 
and exposures incident to operation on the common duct. GB indicates the gall- 
bladder; C.D.,. the cystic duct; CH.A., the common hepatic artery; C.B.D., the 
common bile duct; 4.S.PD.A. and P.S.PD.A., the anterior and posterior superior 
pancreaticoduodenal arteries, and DUOD.PAP., the duodenal papilla. (Note low 
bifurcation of ductus, present in 15 to 20 per cent.) 


upper part of the common duct and occasionally provide a fair-sized 
twig or twigs descending along it. The lower veins drain into the 
portal via the posterior superior pancreaticoduodenal vein. Petrén ** 


86. Faure, J. L.: Quelques points de l’anatomie des vois biliares, Thesis, Paris, 1898. 

87. Petrén, T., and Karlmark, E.: Die extrahepatischen Gallenwegsvenen und 
ihre pathologische-anatomische Bedeutung, Verhandl. d. anat. Gesellsch. 41:139, 
1932. 
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disagreed with Rouviére,** who stated that the cystic veins drain into 
the portal, and illustrated venous drainage of both gallbladder and 
most of the common duct ascending into the liver and entering the 
hepatic vein radicles directly. In several bodies we found that the 
injection of the portal vein filled only the venules of the retroduodenal 
portion of the common duct, in confirmation of Petrén’s observation. 

The common bile duct in rudimentary fashion resembles the small 
intestine in its structure. The mucosal lining, muscularis and serosa 
of the 7.5 cm. long duct would appear to require an adequate circula- 
tion for viability no less than similar tissue elsewhere. In the wealth 
of literature on hepatic and common duct injuries following operation 
in this region, the possible role that devascularization in stripping a 
large surface of these ducts for exposure might play in the formation 
of biliary passage stricture and fistulas or in the failure of duct recon- 
structions and choledochoenteroanastomoses does not appear to have 
been given any consideration. In our material, the minute branches 
supplying the common duct showed great variation in distribution 
patterns. Anastomotic marginal arteries running the length of the 
common duct and insuring adequate circulation, with relatively complete 
stripping of the ducts, could only occasionally be demonstrated. More 
often than not small blood vessels approaching at right angles to the 
common duct appeared to serve as end arteries for several centimeters 
of duct length and were so arranged that widespread separation of the 
hepatic arteries and other structures in the hepatoduodenal ligament 
might lacerate these relatively fine trunks. To what extent such manip- 
ulation might result in localized ischemic necrosis and later unexpected 
stricture formation or fistulas is a problem for the solution of which 
experimental investigation is ittdicated. Minimal surface exposures 
to reduce the dangers of such devascularization in operations on the 
common duct are probably advisable in most circumstances. 


G. Arterial Supply of the Pancreas.—For purposes of completeness, 
a brief review of the pancreatic circulation is included in this paper.** 
Typically, the head of the pancreas is supplied by the anterior and 
posterior superior pancreaticoduodenal arteries, anastomosing in arcade 
fashion with the anterior and posterior inferior pancreaticoduodenal 
arteries. A superior pancreatic artery, generally arising from the 
splenic, hepatic or celiac arteries, passes dorsal to the neck of the 
pancreas and gives off left and right branches. An inferior pancreatic 
artery from the superior mesenteric, superior or anterior pancreatico- 
duodenal or superior pancreatic arteries runs posteriorly along the 
inferior border of the body of the pancreas. Both superior and inferior 


88. (a) Wharton, G. K.: Blood Supply of the Pancreas, Anat. Rec. 53:55, 
1932. (b) Pierson.®*® 
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arteries may course within the gland. The splenic and gastroduodenal 
arteries likewise contribute several pancreatic branches. 

H. Venous Drainage of the Duodenum and Pancreas.—The veins 
usually lie superficial to the arteries. According to both Pierson °* and 
Wharton,*** the outer, or superior, pancreaticoduodenal vein drains 
constantly into the right gastroepiploic and thence into the superior 
mesenteric. The posterior superior pancreaticoduodenal vein almost 
always drains directly into the portal. The inferior or pancreatico- 
duodenal veins empty generally into the superior mesenteric and the 
posterior occasionally into the anterior mesenteric vein or, as in 2 of 
our cases, into the splenic veins. It is worth repeating here, however, 
that by contrast the splenic and duodenal arterial circulations were 


in all instances completely independent, a finding commented on also 
by Michels.*® 


I. Arterial Anastomoses about the Site of Bleeding Duodenal 
Ulcers.—Review of the literature on the surgical approach to bleeding 
duodenal peptic ulcer reveals a current trend toward subtotal gastrectomy 
as the operation *° of choice. However, ligations are still described as 
alternative procedures** and often attempted, particularly by the 
occasional operator. Although a few articles mention its questionable 
adequacy and the difficulties besetting ligation, little detail is given. 
It is felt that schematic illustration of the right arterial anastomotic 
pattern involved is warranted to demonstrate the impracticability of 
attempts at ligation in most instances of bleeding ulcer in which operation 
has been decided on. It is not the purpose of this paper to enter the 
controversy concerning the merits of medical versus surgical therapy. 
Thorstad stated that duodenal ulcers are more frequently the source 
of hemorrhage than are gastric ulcers and that the bleeding posterior 
duodenal ulcer is the more likely to prove fatal. Massive hemorrhage, 
as discussed earlier in this paper, results when the pancreaticoduodenal 
or gastroduodenal arteries in the posterior wall of the duodenum or 
the left gastric artery and the gastroepiploic artery in the posterior 
wall of the stomach are eroded and prevented from retraction by 
chronic inflammatory induration of the ulcer bed or sclerosis of the 
arterial wall. 


89. Michels, N. A.: Variational Anatomy of the Spleen and Splenic Artery, 
Am. J. Anat. 70:21, 1942. 

90. (a) Bohrer, J. V.: Massive Gastric Hemorrhage, Ann. Surg. 114:510, 
1941. (b) Eliason and Johnson.74> (c) Finsterer.2® (d) Gordon-Taylor, G.: 
Attitude of Surgery to Haematemesis, Lancet 2:812, 1935. (e) Thorstad.74¢ (f) 
Welch, C. S., and Yunich, A. M.: Problem for Surgery in Massive Hemorrhage 
of Ulcer Origin, Surg., Gynec. & Obst. 70:662, 1940. (g) Wilkie.®* 

91. Bohrer.%°® Welch and Yunich.%f Thorstad.74¢ 
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Ligations necessary to control bleeding from duodenal ulcers eroding 
the gastroduodenal artery or superior pancreaticoduodenal artery at 
the usual sites indicated would require isolation and occlusion of the 
gastroduodenal and inferior pancreaticoduodenal arteries at their origins 
and often the left gastroepiploic artery as well. Apart from the surgical 
difficulties encountered, this would be tantamount to complete devas- 
cularization of the duodenum and head at the pancreas, a procedure 
which the patient probably would not survive. Exclusion of the duo- 
denum with plication of its wall to augment mass ligatures placed 
about the ulcer site, in somewhat the fashion suggested by Wangensteen,’” 
would appear to be the only effective alternative in patients too 
desperately ill to withstand subtotal gastrectomy. 





Fig. 9—Schema of major arterial anastomoses to the usual bleeding site in 
massive hemorrhage of duodenal ulcer, illustrating difficulties of ligation. Crossed 
ellipses indicate necessary points of ligature for complete control of hemorrhage, 
performance of which would deprive duodenum and head of pancreas almost 
completely of blood supply. G.D.A. indicates the gastroduodenal artery; R.GE.A., 
the right gastroepiploic artery; L.GE.A., the left gastroepiploic artery; A, and 
P.S.PD.AA., the anterior and posterior superior pancreaticoduodenal arteries; RT. 
PANCR.AA., the right pancreatic arteries, and /.PD.A., the inferior pancreatico- 
duodenal artery. 


GENERAL FEATURES OF THE PROXIMATE ARTERIAL SUPPLY 
OF THE SMALL INTESTINE 

Monks * demonstrated that the mesenteric arcade network grows 
progressively more complicated as it proceeds from duodenum to 
cecum. From the ultimate arcades arise the vasa recta, which enter 
and ramify within the tunics of the wall of the bowel. A physiologic 
purpose of this complex vascular web is evidently that of providing 
an adequate collateral circulation whenever the direct vessels to a given 
loop are occluded by vigorous peristalsis or mesenteric kinking. Beaton 


92. Monks, G. H.: Intestinal Localization, Ann. Surg. 38:574, 1903. 
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and Anson,** in a detailed description of a single specimen, reported 
that in the proximal jejunoileum the number of arcade loops per 10 cm. 
are seven to ten, becoming fourteen to sixteen distally. The vasa 
recta near the duodenum number only seventeen, but near the ileum 
are as high as thirty-two per 10 cm. However, the number of terminal 
artery branches are approximately the same at all levels, an average 
of forty-seven per centimeter, with more constant branching of the 
proximal than the distal vasa recta. In general, the arterial intestinales 
decrease in caliber distally as the plexuses increase in intricacy, and 
the more complicated the arterial reticulum the smaller the individual 
loops. As we note elsewhere, in duodenum proper the number of vasa- 
recta average less than twélve per 10 cm., and there appears to be 
some decrease in terminal end arteries as compared with jejunoileum. 
Eisberg,’*® in a minute study of the arrangement of arteries to the 
various coats of intestines, stated that vasa recta generally arise singly 
from the terminal mesenteric arcades and alternate more often than 
not, one passing in front of and the other behind the duodenum. 
Occasionally they bifurcate and alternate in pairs. Bifurcation and 
branching are occasional in the duodenum, greatly increasing in the 
ileum and decreasing again in the colon. In our specimens, branching 
was more pronounced in cases in which the vasa recta themselves 
were fewer. The vasa recta encircle the intestine, their deeper main 
branches converging toward the lumen. In passing between the serosa 
and muscularis they give off numerous lateral offshoots, which unite 
with tiny similar branches from adjacent arterioles. The vasa recta 
pierce the muscularis close to the mesenteric border in the small 
intestine but approach the antimesenteric border before so doing in 
the large intestine. Dragstedt and colleagues,** taking the cross section 
of the bowel as representing the face of a clock, described the anterior 
and posterior or right and left vasa recta as piercing the muscularis at 
approximately 5 and 7 in the duodenum, 3 and 9 in the jejunoileum 
and 2 and 10 in the colon, with 12 o’clock representing the antimesenteric 
or antivascular border. In the duodenum we find that the distribution 
should be referred to the pancreatic instead of the mesenteric border. 
The more superficial disposition and greater length of the latter vessels 
seem, according to us, related to the greater capacity for distention of 
the colon, with less interference with its blood flow. Noer ** disagreed, 
stating that the greater tortuosity of the colonic intramural trunks might 


93. Beaton, L. E., and Anson, B. J.: The Arterial Supply of the Small 
Intestine, Quart. Bull. Northwestern Univ. M. School 16:114, 1943. 

94. Dragstedt, C. A.; Lang, V. F., and Millet, R. F.: The Relative Effects of 
Distention on Different Portions of the Intestine, Arch. Surg. 18:2257 (June) 1929. 

95. Noer, R. J.: The Blood Vessels of the Jejunum and Ileum, Am. J. 
Anat. 73:293, 1943. 
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be a mechanism which protects against undue stretching in intestinal 
distention. Gatch and Battersby * also disagreed, believing that the 
thicker duodenal mucosa is more affected by increased intraluminal 
pressure than the thinner ileal or colonic lining. Toward the anti- 
mesenteric border or, as we have pointed out, above the “‘antipancreatic”’ 
border in the duodenum, the intramural vessels branch in delicate 
arborescent fashion. Fine intramuscular arterial arcades and additional 
smaller direct branches from the terminal extramural arcades are 
frequent in the ileum but sparse in the duodenum. This intramuscular 
anastomosis is a relatively poor one, however, the more plentiful 
inosculation occurring between the finer twigs of the submucosa. This 
lack of anastomosis of the larger twigs of the vasa recta within as well 
as without the wall of the duodenum proper was noted regularly in 
our material. Eisberg **” found that the length of the vasa recta from 
origin to mesenteric border varies from 1.5 to 3 cm. in the duodenum, 
3 to 3.5 cm. in the jejunum and 1 to 2.5 cm. in the distal ileum, where 
_ LATERAL 


PERI fOrEAL 
REFLECTION 





Fig. 10—Schematic cross section of the duodenum and vasa recta, demonstrat- 
ing the end artery character of vasa recta. This indicates the absence of major 
marginal or intramural anastomotic branches. 


branching is the greatest. Noer*® described fine anastomoses at the 
mesenteric borders between mural branches of opposite side. We found, 
however, that the length of the vasa recta in the duodenum depends 
on the position of the pancreaticoduodenal arcade, which may lie as 
far as 6.5 cm. from the medial duodenal border. 


THE SAFETY FACTOR IN MESENTERIC LIGATION IN RELATION 
TO VASA RECTA AS FUNCTIONAL END ARTERIES 


Of paramount importance in intestinal operation is the preservation 
intact of the intrinsic blood supply of the segments involved. Welsh 
and Mall are quoted by Eisberg ** as having demonstrated that if more 


96. Gatch, W. D., and Battersby, J. S.: The Two Stages of Bowel Distention, 
Arch. Surg. 44:108 (Jan.) 1942. 

97. Eisberg, H. B.: Viability of the Intestine in Intestinal Obstruction, Ann. 
Surg. 81:926, 1925. 
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than 5 cm. of intestine was separated from its blood supply gangrene 
would result. In Eisberg’s ** own experiments on dogs if the vasa recta 
and smaller arteries were ligated, gangrene invariably followed if 
more than 3 cm. of contracted intestine were devascularized. Ligation 
of four duodenal vasa recta induced gangrene of the segment. It 
should be remarked that the central areas underwent necrosis even 
though normally vascularized tissue was present 2 cm. to either side 
of it to provide possibie collateral circulation. In the case of the inverted 
apex of the stump of the severed duodenum stripped of its blood vessels 
for a distance of 3 to 4 cm., with an adjacent area of well vascularized 
intestine twice as far away and on one side only, ischemic necrosis 
should be even more certain. Since it is well established that great 
distention reduces capillary and later arteriolar blood flow, leading to 
ultimate hemorrhage and necrosis of intestinal wall,’ this happening 
would produce gangrene in cases in which borderline sufficiency of the 
duodenal stump circulation obtains. 
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Fig. 11—Nonfilling of ligated vasa recta of the duodenum on injection of 
cannulated adjacent arcades and vasa recta. Experimental demonstration of the 
end artery character of the rami duodenales. A, longitudinal segment. 8B, cross 
section. 


Eisberg ** concluded that the margin of safety with human intestine 
after ligation or injury of mesenteric vessels was greatest in the second 
arcade row away from intestine. He also stated the belief that the 
factor of safety was greater in the jejunum and ileum than in the 
duodenum and colon but stated that the lack of mesenteric arcades 
in these locations was compensated for by fixation of these parts of 
the intestinal canal. With ligation of contiguous vasa recta, injection 
fluid introduced into the pancreaticoduodenal artery did not inject 
the interrupted vasa recta, indicating a lack of intramural anastomotic 
twigs of significant size. If*more than one of the vasa recta were 
ligated, injection fluid did not appear in adjacent vessels. This was 
confirmed in our anatomic specimens, when duodenal extramurally 
ligated vasa recta in recently dead bodies were not filled on direct 
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injections with india ink of adjacent vasa recta, with the use of 
hypodermic syringe pressures certainly greatly exceeding the usual 
intestinal intramural blood pressures. By contrast, an intramural 
arteriolar anastomosis at the mesenteric border produced such filling 
relatively often in ileal rami intestinales. The extramural anastomotic 
system between vasa recta at the mesenteric border of small intestine 
described by Ejisberg**® could not be demonstrated in the small 
intestine of any our specimens, whereas the presence of the frequently 
described ** marginal artery of the colon was readily confirmed in most 
bodies. Noer,** in a recent study, similarly failed to find intercom- 
munications from the human vasa recta during their course from the 
peripheral arcades to the intestinal wall. Cokkinis,‘** injecting india 
ink in a technic similar to ours, observed no anastomoses between 
arborescent vessels in the human intestinal walls .or between vasa recta. 
In effect, the human vasa recta in the duodenum would appear to be 
functional end arteries to probably a greater degree than those in the 
jejunoileum and, judging from our material, less abundantly distributed. 
Morton ** claimed the existence of a larger caliber of anastomotic 
vessel and a richer capillary supply in the duodenum than in the ileum 
of the dog. In his experiments, he injected the thoracic aorta with 
barium mixtures and used roentgenograms for illustration. As direct 
injection of india ink into the trunks of the main intestinal artery in 
human beings by us failed to reveal a more extensive anastomotic 
capillary rete, we conclude that in addition to differences in animals 
under the experimental conditions cited by Morton, effective injection 
pressures of material introduced into the aorta might not be the same 
for the higher, more direct branches of the superior mesenteric artery 
as in the lower, longer, multiple-branched, tortuous, inosculating ileal 
vessels. In view of these physical differences in distribution, such a 
difference in pressure between the two arteries is theoretically pre- 
dictable. 

Several other reports on mesenteric ligation are here included for 
the sake of completion as well as their possible bearing on the problem 
at hand. Bost, on the basis of a few clinical and experimental 
observations, felt that survival might ensue without resection in mesen- 
teric tears of more than 2 inches (5 cm.) if the mesentery were repaired 


98. Joffe, I. L.: Surgical Anatomy of the Arterial Blood Supply to the 
Small and Large Intestines, Vestnik khir. 58:38, 1939. Callander.1 McGregor.55 
Steward and Rankin.®? 

99. Morton, J. J.: The Differences Between High and Low Intestinal Obstruc- 
tion in the Dog, Arch. Surg. 18:1119 (April) 1929. 

100. Bost, I. C.: Mesenteric Injuries and Intestinal Viability, Ann. Surg. 
89:218, 1929. 
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and the omentum tacked about the damaged loop. Rothschild *” 
reported variable results, with several dogs dying of gangrene of an 
intestinal loop when several inches of the mesenteric attachment were 
severed while others survived. A possible explanation is that collateral 
circulation via a marginal artery was better developed in these animals. 
That such variation exists has been proved. In fact, Noer ** pointed 
out that as far as small intestinal circulation is concerned the differences 
between dogs and human beings are so great as to cast serious doubt 
on the justification for the transfer of many results from one species 
to the other. Thus the iack of mesenteric fat, the short, intercom- 
municating vasa recta and the less varying simpler arcuate pattern 
at various levels are significant distinctions, indicating a greater 
circulatory reserve in dogs against gangrene in the ligations of experi- 
mental intestinal operation. Wilkie ®* found in dogs that omentum- 
wrapped intestine remained intact over segments 3.5 cm. long with 
blood supply ligated but that fatal necrosis occurred in segments of 
greater lengths. Laufman?® reported that with heparin dogs may 
survive ligation of the blood supply of 10 to 12 cm. of intestine, but 
he failed to’ state whether mesentery had actually been stripped for 
this distance from the bowel. As a matter of interest, Sarnoff and 
Fine *** reported survival of dogs with the use of protective sulfonamide 
therapy when only the veins of a 50 cm. long loop of intestine were 
ligated whereas all controls died. 


SUMMARY AND CONCLUSIONS 

The major arterial circulation of the duodenum and the gross 
configuration and minute end artery character of its vasa recta are 
described as present in 62 bodies dissected. The problem of post- 
gastrectomy stump leakage is discussed and methods of closure reviewed 
in detail. The possible etiologic significance of ischemic necrosis in 
dehiscence of the duodenal stump is presented. The incidence of such 
devascularization in the course of surgical separation of the duodenum 
from the head. of the pancreas is emphasized in its relationship to the 
several anatomic patterns of distribution of the terminal branches of 
the pancreaticoduodenal arterial arches. The necessity for inversion of 
freed duodenum to the point of pancreatic attachment in cases in which 


101. Rothschild, N. S.: Safety Factors in Mesenteric Ligations, Ann. Surg. 
89:878, 1929. 

102. Laufman, H.: The Effect of Heparin on the Behavior of Infarction of the 
Intestine, Surg., Gynec. & Obst. 74:479, 1942. 

103. Sarnoff, S. J., and Fine, J.: Effect of Chemotherapy on the Ileum Sub- 
jected to Vascular Injury, Ann. Surg. 121:74, 1945. 
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nondivulsed rami duodenales provide an intact intestinal circulation is 
suggested. 

The arterial and venous blood supply of the pancreas is depicted 
briefly and the arterial sources and venous drainage of the common 
bile duct reviewed. The anatomic impracticability of surgical ligation 
in bleeding duodenal ulcer is discussed, and the possible role of 
inadvertent surgical devascularization of a segment of common duct in 
injury of the ductus choledochus or failure of duct anastomoses is 
considered. 
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TOTAL GASTRECTOMY 
Report of Six Cases 


LIEUTENANT COLONEL R. B. MORELAND 
Chief of Surgical Service, Veterans Administration Hospital, New York 
MEDICAL CORPS, ARMY OF THE UNITED STATES 


N the last few years, removal of the entire stomach has been 

accomplished with sufficient frequency and success to establish it 
as a sound procedure in certain cases of neoplastic infiltration of a 
major part of the stomach. In 1938, Lahey? reported 8 cases with 3 
deaths. By 1944 Lahey and Marshall* were able to report 73 cases, 
the largest series on record, with an operative mortality of 33 per 
cent. In 1943 Pack* reviewed 278 cases of total gastrectomy for 
carcinoma and added 20 cases from the Memorial Hospital for the 
Treatment of Cancer and Allied Diseases. The operative mortality 
for the entire group was 37.6 per cent; for the cases from the Memorial 
Hospital it was 30 per cent. 

DeAmesti* called attention to the fact that complete removal 
of the stomach may be followed by a fairly healthy existence. The 
reservoir function of the stomach is taken over by the jejunum. 
Digestion of carbdhydrates, fats and proteins is not seriously affected. 
The antianemic factor produced in the stomach is also produced in 
the duodenum, and unless there is an impending defficiency loss of 
the stomach does not result in serious anemia. It has been found 
clinically that when anemia develops postoperatively it is attributable 
in most cases to a recurrence of carcinoma. 

The following is the technic for total gastrectomy as employed in 
these cases. 


PREOPERATIVE PREPARATION 


Adequate preoperation preparation is considered essential. This 
includes a high protein diet, with liberal quantities of eggs, milk, 


From the Veterans Administration Hospital, New York. 

Published with the permission of the medical director of the Veterans Admin- 
istration, who assumes no responsibility for the opinions expressed or the conclusions 
drawn by the author. 
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2. Lahey, F. H., and Marshall, S. F.: Ann. Surg. 119:300-320 (March) 1944. 
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concentrated broth, custards and meat ; this diet is usually well tolerated. 
Two hundred grams of protein have been given daily. This diet is 
supplemented with multiple vitamins and transfusions of whole blood 
when indicated. Gastric aspirations and lavages are employed in the 
presence of obstruction. Dilute hydrochloric acid is administered when 
there is achlorhydria. An attempt is made to improve the hygienic 
condition of the teeth and gums when indicated. 


ANESTHESIA 
Technically, the operation is facilitated by spinal anesthesia. Nuper- 
caine hydrochloride is satisfactory, but our preference is for continuous 
procaine hydrochloride or tetracaine hydrochloride, supplemented con- 
tinuously with pentothal sodium administered intravenously and by 
inhalation of oxygen. Fluids and blood are given intravenously 
throughout the operation. 


OPERATIVE TECHNIC 


Total gastrectomy is usually performed through an abdominal inci- 
sion. This approach permits adequate exposure and probably involves 
less risk to the patient than does operation by the transthoracic route. 
However, if the lower part of the esophagus is involved, the trans- 
thoracic approach may be indicated.* The operative technic employed 
in our cases is similar to that described by Allen,® Lahey and Morton." 
The abdomen is explored through a left upper rectus incision. Total 
gastrectomy is indicated if no metastases are found beyond nodes 
which can be removed and if the tumor involves all or most of the 
stomach. Adjacent structures involved by direct extension may be 
resectable and need not necessarily contraindicate resection. The duo- 
denum is divided and closed after the blood vessels supplying stomach 
and omentum have been ligated. The coronary ligament of the left lobe 
of the liver is divided*and the liver mobilized medially. With traction 
on the stomach, the esophagus is mobilized digitally from the surrounding 
tissues, being exposed for 4 to 5 cm. The jejunum may be brought 
anteriorly or posteriorly to the transverse colon and sutured to the 
crura of the diaphragm, behind the esophagus, with interrupted silk 
sutures. A second row of sutures is placed between the jejunum and 
the esophagus. A Levine tube passed through the nose extends to 
the lower part of the esophagus. Suction removes secretions. After 
an incision has been made halfway around the esophagus and an inci- 
sion of similar size has been made in the jejunum, a third mucosal 


5. Meyer, H. W.: Ann. Surg. 12:115-127 (July) 1942. Pack and McNeer.* 
Sweet, H. R.: Ann. Surg. 118:816-837 (Nov.) 1943. 

6. Allen, A. W.: Am. J. Surg. 40:35-41 (April) 1938. 

7. Morton, C. B.: Surg., Gynec. & Obst. 75:369-373 (Sept.) 1942. 
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row of interrupted silk sutures is placed. The esophagus is then 
completely divided and the anastomosis completed anteriorly, again 
with two rows of interrupted silk sutures between the esophagus and 
the jejunum and additional sutures between the jejunum and_ the 
diaphragm. Jejunojejunostomy was performed in 3 cases and is now 
recommended in all cases. Contamination from the esophagus must 
be avoided. If a retrocolic anastomosis has been used, sutures are 
placed between the two limbs of the jejunum and the transverse 
mesocolon. Sulfathiazole is placed in the upper part of the abdomen. 
The left lobe of the liver is replaced and the abdomen closed, without 
drainage. Supportive measures adequate to maintain the patient in 
good condition throughout the operation should be provided. 


POSTOPERATIVE TREATMENT 

The Trendelenburg position is maintained postoperatively for two 
or three days to relieve tension on the anastomosis and to promote 
drainage upward from the esophagus. Oxygen, if needed, may be 
given through a nasal tube. Fluids are given intravenously. Plasma 
and blood are given when indicated. Suction is continued on the Levin 
tube, which extends to a point just above the anastomosis. Remov- 
ing secretions which may accumulate above the anastomosis prevents 
stress on the suture line. The tube is kept free of mucous plugs by 
careful irrigation twice daily with small quantities of water. Before 
the tube is removed, on the third or fourth day, the suction is dis- 
continued and a small amount of water is permitted to run in by 
gravity. By lowering the tube any fluid which has not passed through 
the anastomosis is siphoned off. An adequate stoma is, in ‘this way, 
determined to be present before the tube is permanently removed and 
the patient is permitted to take slowly increasing quantities of water, 


broth, milk and eggnog. This can be increased to a selected soft 
diet in about ten or twelve days. 


REPORT OF CASES 


A brief report of 6 cases in which total gastrectomy has been per- 
formed follows: 


Case 1—L. A. M., a white man aged 51, had gastric hemorrhages in 1936. 
There had been epigastric pain, vomiting and a loss of 20 pounds (9.1 Kg.) since 
May 1942. An exploratory operation was performed elsewhere in August 1942, 
and the patient was considered to have inoperable carcinoma of the stomach. 
Roentgenograms confirmed the presence of extensive growth. Reexploration was 
performed on Dec. 10, 1942. With the patient under nupercaine hydrochloride 
spinal anesthesia, a left rectus incision was made. The entire stomach was involved; 
there were no metastases. A total gastrectomy was performed. A _ retrocolic 
anastomosis was made with two rows of interrupted silk sutures plus sutures to 
the diaphragm. No jejunojejunostomy was performed. Ten grams of sulfanil- 
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amide was administered. There was no drainage. Fluids plus 500 cc. of blood 
were given by intravenous injection during the operation. The pathologic report 
was diffuse adenocarcinoma, grade III. Pneumonitis, which occurred postopera- 
tively, responded to sulfadiazine. The recovery was otherwise uneventful. Roent- 
genograms on Jan. 28, 1943 revealed an adequate stoma between the esophagus 
and the jejunum. The patient was reported to be well two years later. He 
died May 9, 1945, in another hospital. An autopsy was not performed. The 
clinical diagnosis was intra-abdominal carcinomatosis. 


Comment.—Although exploration was performed elsewhere previ- 
ously and the growth was considered inoperable, reexploration revealed 
it to be resectable. The retrocolic anastomosis, without jejunojejunos- 
tomy, functioned well. The condition of the patient remained good 
for two years, but he died after two years and five months, with 
intra-abdominal recurrence of the carcinoma. 


Case 2.—A. R. M., a white man aged 53, had epigastric distress, nausea and 
vomiting beginning in July 1943. He had a 20 pound (9.1 Kg.) loss of wetght. 
A roentgenogram showed carcinoma of the stomach. Gastric analysis showed 
no free acid, 10 units of total acidity and a positive reaction for blood. The 
patient was operated on Oct. 2, 1943, under general anesthesia. The growth 
extended to within 1 cm. of the esophagus, but there were no metastases. Total 
gastrectomy was performed, and a retrocolic anastomosis was made 20 cm. below 
the duodenal-jejunal ligament. No jejunojejunostomy was performed. The trans- 
verse mesocolon was sutured obliquely about the two limbs of the jejunum. The 
patient was given 5 Gm. of sulfathiazole, and the abdomen was closed in layers, 
without drainage, with interrupted cotton sutures. Administration of 500 cc. of 
blood and fluids maintained him in excellent condition throughout the operation. 
The pathologic report was adenocarcinoma, grade IV. The recovery was unevent- 
ful. A roentgenogram taken Nov. 8, 1943 showed adequate stoma between the 
esophagus and the jejunum. 

The patient was readmitted on Sept. 10, 1944, with a 4 cm. tumor at the level 
of the right sixth rib. Aspiration biopsy revealed adenocarcinoma. There were 
no symptoms or roentgenologic evidence of local recurrence. Later, neurologic 
evidence or metastases to the brain developed, and the patient died on Oct. 23, 
1944. Consent for autopsy could not be obtained. 


Comment.—This patient made an uneventful recovery following 
total gastrectomy. The retrocolic anastomosis, without jejunojejunos- 
tomy, functioned well. Distant metastases, without local recurrence, 
caused death one year later. 


Case 3.—C. B., a white man aged 50, had low substernal pain, epigastric 
fulness and a 10 pound (4.5 Kg.) loss of weight in two years. A roentgenogram 
showed extensive carcinoma of the pars media of the stomach (fig. 14). Operation 
was performed on May 25, 1944, with the patient under general anesthesia. A left 
rectus incision was made. Carcinoma was found involving the distal two thirds 
of the stomach, with two serosal implants in the cardia, a 1 cm. node adjacent to 
the esophagus and a 2 cm. nodule in the spleen. The incision extended trans- 
versely. The entire stomach, spleen and tail of the pancreas were removed. The 
short mesentery of the jejunum required retrocolic anastomosis to the esophagus. 
Two rows of interrupted silk sutures plus sutures between the jejunum and 
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diaphragm were used. Jejunojejunostomy was performed below the transverse 
mesocolon. The patient was given 5 Gm. of sulfathiazole and 5 Gm. of sulfanil- 
amide. The abdomen was closed, Without drainage, with interrupted cotton 
sutures. Fluids and 500 cc. of blood were given the patient by intravenous injec- 
tions during the operation. The pathologic report was adenocarcinoma of the 
stomach and infarction of the spleen; the nodes were not metastatic. The post- 
operative course was smooth for ten days; then right parotidis and bilateral 
pneumonitis developed. The administration of sulfadiazine was ineffective. After 
administration of penicillin, the patient showed improvement. Pleural effusion was 
aspirated. Recovery followed. A roentgenogram on July 12, 1944 showed adequate 
stoma between the esophagus and the jejunum (fig. 1B). In October 1945 the 
blood count was normal. The patient had gained 25 pounds (11.3 Kg.) and had no 
difficulty in eating. 








Fig. 1 (case 3).—A, preoperative (May 18, 1944) roentgenogram; B, post- 
operative (July 12, 1944) roentgenogram, showing an adequate esophagojejunal 
stoma. 


Comment.—After a smooth early postoperative course, serious com- 
plications developed which delayed recovery. The retrocolic anastomosis, 
with jejunojejunostomy, functioned well. The patient was clinically 
well and was working seventeen months after the operation. 


Case 4.—H. A. S., a white man aged 50, had epigastric pain, vomiting and 
a loss of 27 pounds (12.2 Kg.) since March 1944. A roentgenogram disclosed a 
filling defect of the pars media and cardia of the stomach (fig. 2A). Fractional 
analysis showed no free hydrochloric acid and a total acidity of 10 units. On 
Oct. 13, 1944, with the patient under continuous spinal anesthesia induced by pro- 
caine hydrochloride, a left rectus incision was made and a carcinoma was found 
involving the proximal two thirds of the stomach. Several slightly enlarged, firm 
nodes were present along both curvatures. There were no distant metastases. 
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Total gastrectomy was performed. The jejunum was brought anterior to the 
transverse colon. No enteroenterostomy was performed. Five grams of sulfa- 
thiazole was left in the abdomen, which w& closed with interrupted cotton sutures, 
without drainage. Postoperatively, the Trendelenburg position was maintained for 
three days. Then sips of water and broth were allowed. Recovery was uneventful 
except for the complaint of an “uneasy feeling” in the left upper quadrant of the 
abdomen after the patient had taken liquids, especially when he lay on his left 
side. Lying on his right side gave relief. When the patient took solid food, 
this feeling was prevented. After seven weeks this disappeared. The patient 
became asymptomatic and rapidly gained weight. A roentgenogram taken Nov. 3, 
1944 revealed an adequate esophagojejunal stoma (fig. 2B). The patient was 
well in November 1945. The pathologic report was adenocarcinoma, grade II, 
nodes clear. 








Fig. 2 (case 4).—4A, preoperative (Oct. 6, 1944) roentgenogram; B, post- 
operative (Nov. 3, 1944) roentgenogram, showing an adequate esophagojejunal 
stoma. 


Comment.—The postoperative course was smooth except for symp- 
toms that occurred soon after operation that were believed to be 
attributable to an accumulation of fluids in the proximal jejunal loop. 
These symptoms subsided after seven weeks. The anastomosis was 
antecolic. Jejunojejunostomy probably would have prevented these 
symptoms. 

Case 5.—F. M., a white man aged 53, had epigastric distress, vomiting and 
loss of weight, becoming progressively worse, since April 1944. He appeared 
chronically ill and emaciated. There were epigastric tenderness but no masses 
and no lymphadenopathy. A roentgenogram revealed an ulcerated lesion of the 
stomach. The red blood cell count was 3,800,000. On Sept 19, 1945, with 
the patient under continuous spinal anesthesia, total gastrectomy was performed. 
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The neoplasm involved the entire stomach, but there were no distant metastases. 
A retrocolic anastomosis was employed, with jejunojejunostomy. The pathologic 
report was reticulum cell sarcoma. The postoperative course was uneventful. 


Comment.—Total gastrectomy was performed in this case for retic- 
ulum cell sarcoma. The retrocolic anastomosis, with jejunojejunostomy, 
functioned well. The patient’s postoperative course was uncomplicated, 
and improvement was rapid. 

Case 6.—L. E. K., a white man aged 47, had diarrhea and a loss of 30 pounds 
(13.6 Kg.) since April 1945. Roentgenograms revealed a carcinoma on the lesser 
curvature and posterior wall of the midportion of the stomach. This was con- 
firmed by gastroscopic examination. Fractional analysis revealed absence of free 
hydrochloric acid and 5 to 8 units of total acidity. The other laboratory data 
were noncontributory. On Nov. 15, 1945, with the patient under continuous spinal 
anesthesia induced by tetracaine hydrochloride, a left rectus incision was made and 


a carcinoma was found involving the midportion of the stomach, extending proxi- 


mally to within 2.5 cm. of the esophagus. Slightly enlarged nodes were present 


along both curvatures, but these were not definitely metastatic. No distant metas- 
tases were found. Total gastrectomy was performed, with a retrocolic anastomosis 
and with a jejunojejunostomy below the transverse mesocolon. The pathologic 
report was adenocarcinoma. The postoperative course was uneventful. 


Comment.—Following total gastrectomy, a retrocolic anastomosis 
was formed, with jejunojejunostomy, below the transverse mesocolon. 
The postoperative course was entirely uneventful. 


CONCLUSIONS 

1. No patient with carcinoma of the stomach, no matter how exten- 
sive it is or what part of the stomach is involved, should be denied 
exploration unless metastases can be demonstrated or unless his con- 
dition is too poor to withstand operation. 

2. Total gastrectomy has been recently performed with increasing 
frequency and success and has been established as a sound procedure. 
Expert administration of anesthesia and adequate supportive treatment 
are essential. 

3. Total gastrectomy may be followed by fairly good health and 
need not prevent gainful employment. 


SUMMARY 


Six consecutive cases of total gastrectomy for neoplasms of the 
stomach are reported, with no operative death. 

The first patient died of recurrence after two years and five months. 
The second died after one year of distant metastases with no evidence 
of local recurrence. The third patient has been well for eighteen 
months and the fourth for thirteen months. The fifth was operated 
on two months before and the sixth within the month before this article 
was written. 

















NONADHERENT SURGICAL DRESSINGS 


MAJOR ROBERT BINGHAM 
MEDICAL CORPS, ARMY OF THE UNITED STATES 


HE tendency for surgical dressings to adhere co raw surfaces of 

wounds has probably plagued both surgeons and patients since the 
dawn of civilization. From the rare and costly ointments of ancient 
times to the refined petroleum products of today, various expedients 
have been tried to prevent dressings from adhering to damaged body 
tissues. Recent technics have been making more and more use of 
synthetic fabrics which are nonadherent by virtue of the waterproof 
qualities inherent in their manufacture. But almost all the new substances 
proposed have a disadvantage in common in that they cause some 
obstruction to the free drainage of blood, serum, pus or debris of 
necrotic tissue from the depths and surfaces of the wound. The 
damming back of these waste products frequently results in delayed 
healing, irritation and excoriation of the surrounding skin and at times 
extension of infection. 

The evolution of improved technics in military surgical procedures 
which have been developed in United States Army hospitals overseas 
during this war demands new and superior dressing materials. In less 
than five years, the routine treatment of compound fractures by the 
local application of sulfanilamide to the wound followed by light packing 
with gauze impregnated with petrolatum jelly, the so-called petrolatum 
gauze, and a plaster of paris cast has been almost entirely abandoned. 
As life saving as the Orr-Trueta treatment proved to be, it always 
had the drawbacks of foul-smelling casts and prolonged healing of 
wounds, and it required late skin grafting in many cases. Now, with 
advent of penicillin therapy, early definitive surgical treatment can be 
safely undertaken in over 90 per cent of these cases. Complete and 
thorough débridement can usually be followed by secondary closure 
of the wound or split thickness skin grafting in from three to ten days 
after injury. The resulting convalescent period is greatly shortened 
and the rehabilitation of the soldier-patient facilitated. 

Soft tissue wounds and severe burns have been successfully treated 
by similar methods. Following débridement the lesion is protected by 
pressure dressings. Penicillin is administered prophylactically or to 
control infection, as most wounds in the surgical treatment of battle 
casualties either are contaminated or show localized infection. Early 
secondary closure or skin grafting is the rule, and a higher percentage 
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of earlier recoveries has resulted than by the allowing of the wound to 
heal by secondary intention and scar tissue. 

The exigencies of evacuation and transportation of the wounded 
often required that dressings and casts be maintained for many days 
or even weeks without changing. These factors all demand a wound 
covering which is nonadherent, permits free drainage of exudates and 
gives support and protection to healing tissues after surgical treatment 
of the injury. Petrolatum gauze, the material most commonly used in 
cases referred to our hospitals, fails to meet these requirements, and 
in the heat and high humidity of the tropics it often acts as a moisture- 
entrapping foreign body in the wound. 


NONADHERENT DRESSINGS 


Recent articles in the surgical literature have described various 
substitutes for petrolatum-impregnated gauze. Potts, in a report from 
this hospital, has well summarized the case against this type of dressing.’ 
He has stated: 

The use of petrolatum gauze to cover granulating wounds . . . is objectionable 
for several reasons: (1) From such wounds the purulent drainage is discharged 
around the petrolatum gauze pack and comes in contact with normal skin. The 
petrolatum keeps the skin about the edge of the wound soft and makes it 
susceptible to irritation from the constant flow of purulent drainage. This leads 
to maceration and frequently to the development of small superficial furuncles. 
(2) Granulation tissue piles up beneath an impervious dressing, especially in 
areas where it is difficult to maintain adequate pressure on the wound. (3) Even 
though a number of layers of petrolatum gauze are laid over a granulating wound, 
the petrolatum from the gauze tends to liquefy and soak into the dry dressings 
above. Consequently, when dressings are changed, it is found that the petrolatum 
gauze has become rather firmly adherent to the granulation tissue. In spite of 
utmost gentleness in its removal, extensive capillary bleeding is started. 

To overcome these difficulties, Potts has devised a simple dressing 
made of mosquito netting impregnated with a mixture of 75 per cent 
paraffin and 25 per cent petrolatum jelly. This he has named “paraline 
gauze.” We have used this preparation under his supervision success- 
fully in many cases and find it excellent as an improvised nonadherent 
dressing that can be made by any surgical department. Its chief 
disadvantages lie in the care and labor entailed in its preparation. A 
degree of skill and experience is necessary to assure uniformity in the 
amount of mixture retained in the netting, sterilization technic must be 
flawless, since paraline gauze cannot be autoclaved, and special wrappings 
or containers are required for storage until it is used. These qualities 
render it unsuitable for mass production or field service. 

Cellophane covers from individual cigaret packages have been suit- 
ably perforated and used as transparent wrapping material for open 


1. Potts, W. J.: A Simple Dressing for Granulating Wounds, Bull. U. S. 
Army M. Dept., May 1945, no. 88, pp. 46-47. 
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wounds and ulcers and, according to Ellis, have proved economical 
and satisfactory.2. Twyman, at a United States Army installation in 
the European Theater of Operations, used waxed paper from the 
outside of cigaret cartons, washed, sterilized and punched with holes 
at 14 inch (.64 cm.) intervals, to make basic coverings for wounds.* 
Foman’s surgical textbook has reviewed the use of other materials: 
wide-meshed gauze impregnated with petrolatum, paraffin or bismuth 
tribromphenate ointment, tulle grass, perforated cellophane and rubber 
tissue and silver foil.* In all these substances, the problem. of sizes 
and suitable spacing of perforations to permit sufficient drainage of 
wounds is the chief drawback to their adoption. 

The treatment of burns has been advanced by the use of synthetic 
fabrics. Owens now applies a fine woven “rayon B” cloth as the basic 
layer for his pressure-dressing technic.* This material, being smooth 
and sheer, has a low coefficient of friction and will not adhere to wounds 
and raw burned skin. “Fiberglas” cloth, a glossy fabric woven from 
threads made of filaments of fine spun glass, has been successfully 
applied as the first layer in the treatment of burns by Hirshfeld and 
his associates.© Through the courtesy of the manufacturers,’ my col- 
leagues and I have tested a quantity of each of these materials and have 
verified these clinical results. However, the extremely tight mesh of 
these fabrics will not permit the drainage of exudates except by absorp- 
tion. Both fabrics absorb blood serum by their high capillary attraction 
and filtering action, but they obstruct pus and discharges from necrotic 
tissue. This quality makes them less suitable for wounds than for first 
and second degree burns. 


CRITERIA FOR A NONADHERENT DRESSING 


To meet all possible practical requirements for both civilian and 
military surgical uses, a group of surgeons in two United States Army 
hospitals in the Pacific Theater of Operations have agreed that a 


2. Ellis, M.: Transparent Wrapping Material for Dressing Open Wounds 
and Ulcers, Brit. M. J. 1:697 (June 5) 1943. 

3. Twyman, R. A.: Use of Wax Paper as a Surgical Dressing, Bull. U. S. 
Army M. Dept., November 1944, no. 82, p. 34. 

4. Fomon, S.: The Surgery of Injury and Plastic Repair, Baltimore, William 
Wood & Company, 1942, p. 125. 

5. Owens, N.: Use of Pressure Dressings in the Treatment of Burns and 
Other Wounds, S. Clin. North America 23:1354-1366 (Oct.) 1943; Use of Rayon 
Surgical Fabric, personal communication to the author, Nov. 8, 1944. 

6. Hirshfeld, J. W.; Williams, H. H.; Abbott, W. E.; Heller, C. G., and 
Pilling, M. A.: Significance of the Nitrogen Loss in Exudate from Surface Burns, 
Surgery 15:766-775 (May) 1944. 

7. Rayon B, “Winchester Medical Fabric,” was furnished by Winchester 
Mills, Inc., 120 West 42nd St., New York, and Fiberglas cloth was furnished 
by Owens-Corning Fiberglas Corporation, Toledo, Ohio. 
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nonadherent basic dressing material for wounds should fulfil the follow- 
ing criteria: 

1. It should be a fabric of sufficiently wide-open mesh to permit 
the free escape of blood, serum, pus and tissue exudates from the 
depths and surfaces of the wound without obstruction. (By micro- 
scopic measurement, the openings in the material should measure 
about 0.4 to 1 mm. in diameter.) 

2. The fabric should have sufficiently fine mesh to be smooth, to 
have a low coefficient of friction and to prevent adherence to surfaces 
of wounds by growth of capillary loops of granulation tissue, fibrous 
tissue and newly formed epithelial cells. (The width of the mesh 
previously given fulfils these requirements. If the strands are from 
0.2 to 0.3 mm. in diameter, the resulting fabric has 20 or 32 threads per 
inch [2.5 cm.] in each direction and is known as “mesh 20” or “mesh 
32” respectively. ) 

3. The fibers should be of a waterproof substance or a thread that 
has been treated to make it nonabsorbent and water resistant. This 
gives a firm, glossy texture, or hand, to the fabric and prevents it 
from adhering to the wound by absorption and clotting of blood and 
serum in its fibers. This quality can be imparted to the cloth by several 
finishing processes.® 

4. The chemical nature of the basic material and all finishing 
substances should make it neutral and nontoxic to human tissues, cells 
and body fluids and unaffected by bacterial action. 

5. It should be resistant or chemically inert in the usual surgical 
solutions—isotonic solution of sodium chloride, alcohol, ether, benzene, 
iodine and mercurial antiseptics. 

6. It must be readily sterilized by boiling, autoclaving, dry heat 
and immersion in antiseptic solutions. 

7. It should be a fabric that can be manufactured and processed in 
large quantities, cut to any size or shape by ordinary scissors and com- 
pactly packaged, and it must be resistant to heat, dampness, mildew and 
deterioration by exposure to sunlight and air during storage and use. 

8. It should be soft, flexible, light in weight and relatively low in cost. 

In this paper we wish to add to civilian surgical literature the 
description of one type of nonadherent dressing material that has 
satisfactorily passed all clinical and laboratory tests during the past 
year in two United States Army hospitals. It has been called by us 
“nylon surgical gauze.” In view of the experimental status of the 
determination of the fiber, weight and mesh best suited to surgical 


8. The Case for Synthetic Textiles, editorial, Modern Plastics (Overseas Ed.) 
23:3-9 and 78-81 (March) 1945. 
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requirements the Medical Department of the United States Army has 
not yet made nylon surgical gauze a standard item of issue. 


DEVELOPMENT OF NYLON SURGICAL GAUZE 

During the summer of 1944 a shipment of “Screening, Insect, 
Plastic, Nylon” was received by a United States Army hospital in the 
Russells, British Solomon Islands. This was intended to be used as a 
substitute for copper insect screening and was developed according to 
specifications of the United States Army Engineers. Its fine mesh, 
smooth glossy finish and nylon composition immediately suggested itself 
to us as a nonadherent dressing material. We had already used nylon 
in sutures for orthopedic operations and found it extremely well 
tolerated by body tissues. 

Sections of the screening measuring 4 by 4 inches (10 by 10 cm.) 
and 4+ by 8 inches (10 by 20 cm.) were cut and washed, sterilized in 











_ Fig. 1—Nylon plastic insect screening (olive drab color) used as a new type 
of nonadherent dressing over the site of a skin graft. 


the autoclave with our other dressings and used in the operating rooms 
and on the wards .in the treatment of battle casualties. A total of 200 
patients have been treated and observed. There was a notable absence 
of irritation and maceration of the skin, the wounds were cleaner and 
drier than with the petrolatum gauze previously used, drainage was 
rapidly absorbed into the absorbent gauze placed on top of the screening 
and healing of the wound appeared accelerated (fig. 1). In spite of 
apprehension on the part of some of the staff, in no case did the material 
adhere to the granulation tissue of the surface of the wounds. Both 
surgeons and patients were pleased at the ease and freedom from pain 
with which dressings could be changed. The screen being flat and 
having a certain amount of stiffness, the granulation tissue in irregular 
wound cavities would grow out to the screen and then spread out, 
forming a smooth, level surface, ideal for the placement of skin grafts. 
Freedom from surface bleeding caused by changes of dressings was 
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remarkable and allowed a saving in the amount of sponges and pads 
necessary to complete the toilet of a wound. There were no cases of 
cutaneous sensitivity or irritation which could be attributed to the nylon 
screetr.® This suggested our undertaking further studies to perfect this 
material for surgical use. The original nylon material was of olive drab 
color and had a certain amount of stiffening applied for screening purposes. 

Samples were sent to the United States to the laboratory service 
of a United States Army general hospital, where Queen made micrq- 
scopic examinations and measurements.’® He reported that the strands 
measured 0.3 mm. in diameter and the holes of the mesh measured just 
under 1 mm. in diameter. Since the capillaries of granulation tissue 
measure from 5 to 50 microns in diameter and are approximately four 
times their own diameters apart, it is difficult for buds of granulation 
tissue to grow through a mesh this fine. ; 

With the data at hand, we requested two manufacturers of nylon 
fabrics to furnish us with undyed cloth for use as “nylon surgical 
gauze.” '' The fabric, as supplied by these companies, is a soft, smooth, 
opalescent white, glossy cloth, with a fine-meshed weave of strands of 
pure, twisted nylon thread, finished to make it water repellent. 

Nylon is a polyamide plastic resin which can be spun into a smooth, 
bright thread resembling silk, but stronger in tensile strength. It is 
slightly elastic, water resistant, inert in body fluids, immune to 
bacterial action and not affected by ordinary surgical solutions— 
isotonic solution of sodium chloride, alcohol, ether, benzene, iodine and 
the mercurial antiseptics. It can be sterilized by any method, since it 
tolerates temperatures up to 450 F. before softening, and its resistance 
to deterioration from heat, dampness, mildew, storage, age, air and sun- 
light is extremely high.** 

Nylon yarn is woven into a 34 filament, 210 denier gauze in a 
nonslip mesh of 20 strands to the inch (2.5 cm.) (mesh 20). If a 
stiffened cloth is desired, a finish of nylon type 6 plastic can be added. 


NEW SURGICAL DRESSING TECHNICS 


With a stable, nontoxic dressing material such as nylon surgical 
gauze, our dressing technics have been improved and several new 
modifications have been added. Other uses no doubt will be discovered 


by surgeons in other hospitals who have the opportunity to test this 
material. 


9. Bingham, R.: Nylon Surgical Gauze, Modern Plastics, 28:111-112 
(Dec.) 1945, 

10. Queen, F. B.: Personal communication to the author, Oct. 4, 1944. 

11. Nylon Surgical Gauze was furnished by Johnson & Johnson, New Bruns- 
wick, N. J., and by The Huguet Fabrics Corporation, Hornell, N. Y. The nylon 
is a product of the E. I. Du Pont De Nemours and Co., Wilmington, Del. 

12. Plastic Properties Chart: Nylon Resins (Molding), New York, Plastics 
Catalogue Corp., 1944. 
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1. In compound fractures after débridement, a strip of the gauze 
is lightly folded into the depths of the wound and brought to the surface 
as a drain. Its porous mesh provides an excellent tract for the flow 
of wound secretions, and it does not have the tendency to pack down 
and block up the wound cavity as petrolatum gauze frequently does. 
This light packing is removed within three days or as soon as adequate 
drainage can be maintained without it, and a single layer of the nylon 
surgical gauze is then placed flat over the wound (fig. 2). If possible, 
a secondary closure or split thickness skin graft operation and final 




















Fig. 2.—A, compound, comminuted fractures of the leg, showing penetrating 
wound cavities after débridement. 8, nylon surgical gauze used as the basic 
layer of a nonadherent dressing for the wounds shown in figure 2 A. 


reduction of the fracture is done within the three to ten day period 
after injury. Penicillin is given parenterally. Above the nylon gauze 
are laid several layers of absorbent cotton gauze, and a well padded 
and molded plaster cast is applied. If early closure cannot be done 
because of the extent or multiplicity of the wounds, then nylon surgical 
gauze is laid in a single layer over the wound cavity. Granulation 
tissue will grow to the surface of the gauze and spread out in a flat 
surface, which will be ideal for later skin grafting, when the cavity 
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has filled in with healed tissue. Since drainage is conducted away from 
the wound and absorbed into the outer coverings placed above the 
nylon gauze, there is noticeably less odor, less irritation to the skin 
and more rapid healing than with the original Orr technic. 

2. Soft tissue wounds are treated similarly except that, in place of 
a padded plaster cast, pressure dressings of gauze fluffs, mechanics 
waste, cotton or cellulose-filled pads are used, covered with firm layers 
of elastic or semielastic bandage. 

3. For burns, nylon surgical gauze may be impregnated with petro- 
latum jelly, sulfadiazine ointment or the surgeon’s favorite bland burn 
medicine. Since nylon gauze is impervious to water and oils, it does 
not absorb ointments and dry out as does a cotton base. Wet sodium 
chloride or Foille dressings may be applied by the placing of nylon 
gauze over the burned area and then the laying of cotton gauze pads 
soaked and dripping with the solution on top, wrapping in cellophane 
or oiled silk and applying pressure dressings. If the dressings happen 
to dry out before they are changed, they do not become painful or adhere 
to the burned surface. Subsequent changes of dressing are facilitated, 
as the nylon gauze does not tend to traumatize the healing surface or 
disturb the granulation tissue and regenerating epithelium. 

4. Under wet dressings for infections and ulcers, nylon surgical 
gauze permits free drainage of wounds and yet the dressings will not 
adhere if they dry out inadvertently. 

5. In skin grafting, nylon surgical gauze has proved to be an 
ideal covering both for the raw donor site and for the recipient site 
to hold pinch grafts or split thickness grafts in place. The surface is 
kept flat by the nylon gauze, and exuberant granulations cannot grow 
high between the islets of epithelium. 

6. Rolled to the size of a Penrose drain, a length of nylon surgical 
gauze provides an ideal cavity drain. Its porosity prevents blockage, 
and it cannot adhere to the depths or the sides of the wound. 

7. For dressings which must be changed frequently because of 
drainage or for application of medicine, the basic nylon dressing may 
be left in place, sponged or irrigated for cleansing and new layers of 
medicament and absorbent dressings applied again. 

8. In large wounds or burned surfaces it has a distinct advantage, 
particularly in hot or humid climates, as the porosity of nylon surgical 
gauze allows the skin “to breathe” and normal perspiration is not 
hindered. 

9. A narrow strip placed over a suture line prevents the sutures 
and the healing incision from adhering to the dressings. 

10. A single layer placed over the end of a guillotine amputation 
stump, under slight pressure, prevents the growth of exuberant granu- 
lation tissue until traction allows growth of skin over the wound. 
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COMMENT 


The excellent results we have had with nylon surgical gauze and 
plastic insect screening cloth in many types of wounds and injuries 
have stimulated our interest in the use of plastic and synthetic fibers 
in the surgical field. Early publication of this work is desired in hope 
that other surgeons may be able to test and improve these methods. 
We do not claim that the type of nylon surgical gauze which we describe 
is the final form in which it will be most useful. A finer mesh, a lighter 
strand and use of the gauze in layers—all might give satisfactory 
results. Nylon is not the only synthetic fiber which has these physical 
and chemical properties. Any cotton, linen or wool fiber can be 
processed by plastic or synthetic rubber finishes to make it water 
resistant and nonirritating. Substances such as Fiberglas, Saran and 
other heat-stable plastic yarns could be woven into a similar gauze. Now 
that shortages of material due to wartime needs for these fabrics are 
at an end, the possible experimental uses of these materials can be more 
extensively investigated. 

CONCLUSIONS 

1. Most nonadherent dressings for wounds and burns tend to obstruct 
drainage from wounds, irritate and macerate the skin and are difficult 
to prepare and keep in storage. 


2. Modern surgical routines of penicillin therapy plus early defini- 


tive surgical procedures—secondary closure and skin grafting—require 
a flat, porous, stable and nonadherent dressing. 


3. A fabric that is waterproof, nontoxic and nonadherent has been 
used with success in a large number of cases in two overseas United 
States Army hospitals. Called “nylon surgical gauze,” it has fulfilled 
all criteria proposed for an ideal nonadherent dressing. It can be 


sterilized by any method, and it is not affected by ordinary surgical 
solutions. 


4. Nylon surgical gauze has introduced new possibilities in the 
technics of dressing wounds and burns. 
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